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PREFACE 

This  report  describes  the  nature  and  occurrence  of  rocks  and  unconsoli- 
dated surficial  deposits  present  at  and  below  the  surface  of  a 1 12-square-mile 
area  in  Carbon,  Lehigh,  and  Northampton  Counties.  The  rocks  are  a diverse 
assemblage  of  limestones,  dolomites,  shales,  siltstones,  sandstones,  and 
conglomerates,  whereas  the  unconsolidated  deposits  consist  mainly  of  glacial 
till,  various  gravels,  and  material  in  man-made  dumps. 

Each  of  the  materials  mapped  in  this  area  has  its  own  characteristics  which 
affect  the  way  land  and  its  resources  may  be  utilized  by  man.  In  an  area 
which  is  being  subjected  to  continuing  demands  for  proper  land  utilization, 
water  supply,  waste  disposal,  and  resource  availability,  the  information 
provided  herein  should  be  of  value  to  planners,  homesite  developers, 
engineers,  and  water-well  drillers. 

To  meet  these  needs,  this  report  treats  the  thickness,  lithology,  engineer- 
ing characteristics,  and  ground-water  and  mineral-resource  potential  of 
each  of  the  distinct  materials  mapped  in  this  part  of  Pennsylvania.  Although 
these  data  and  interpretations  will  serve  as  a guide  to  geologic  problem 
solving,  professional  consultation  may  be  desirable  where  costly  decisions 
must  be  made. 
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ABSTRACT 

The  Lehighton  and  Palmerton  73/2-tninute  quadrangles  cover  an  area  of 
about  112  square  miles  of  diversified  terrain  in  the  folded  Appalachian 
Mountain  and  Great  Valley  sections  of  the  Valley  and  Ridge  physiographic 
province  in  Carbon,  Lehigh,  and  Northampton  Counties,  Pennsylvania.  The 
Lehigh  River  and  Blue  Mountain  are  the  prominent  features  of  the  topog- 
raphy. Rock  units  defined  and  mapped  in  the  area  are  the  lithified  sedi- 
ments that  were  deposited  in  a variety  of  offshore  marine,  marine  shelf, 
marginal  marine,  and  fluvial  environments  associated  with  two  phases  of 
basin  filling.  The  rocks  are  separated  into  four  lithotectonic  units,  each 
deformed  semi-independently  of  adjacent  lithotectonic  units.  Decollements 
presumably  separate  the  lithotectonic  units. 

Lithotectonic  unit  1 consists  of  about  12,000  feet  of  slate  and  graywacke 
of  the  Middle  and  Upper  Ordovician  Martinsburg  Formation,  This  unit 
contains  mainly  asymmetric,  similar,  and  nearly  isoclinal  folds,  with  wave- 
lengths of  1,000  to  3,000  feet  and  amplitudes  of  400  to  2,000  feet,  formed 
mainly  by  passive  flow  and  slip.  Lithotectonic  unit  2 includes  about  3,100 
feet  of  sandstone,  siltstone,  shale,  and  conglomerate  of  the  Shawangunk 
Formation  ( Ordovician( ?)  and  Silurian) , Bloomsburg  Red  Beds  ( Silurian) , 
and  the  lower  part  of  the  Poxono  Island  Formation  (Silurian).  This  unit 
contains  mainly  asymmetric  and  concentric  folds,  with  wavelengths  of 
about  one  mile  and  amplitudes  of  1,500  to  5,000  feet,  formed  by  flexural 
slip  with  minor  passive  slip  and  flow.  Lithotectonic  unit  3 contains  about 
750  feet  of  limestone,  shale,  siltstone,  sandstone,  and  dolomite  of  the 
upper  part  of  the  Poxono  Island  Formation,  Bossardville  Limestone,  and 
Decker  Formation  (all  Silurian),  the  Coeymans  and  New  Scotland  For- 
mations, Shriver  Chert,  and  Ridgeley  Formation  of  the  Oriskany  Group 
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and  the  Schoharie-Esopus  Formation  (all  Lower  Devonian),  and  the 
Palmerton  Formation  and  Buttermilk  Falls  Limestone  (both  Middle 
Devonian).  This  unit  has  asymmetric,  concentric,  similar,  and  flap  folds, 
with  wavelengths  of  1,000  to  1,500  feet  and  amplitudes  of  about  1,550 
feet,  formed  by  flexural  slip  and  flow  and  passive  slip  and  flow.  Litho- 
tectonic  unit  4 consists  of  more  than  13,000  feet  of  sandstone,  conglom- 
erate, siltstone,  and  shale  of  the  Middle  Devonian  Marcellus  and 
Mahantango  Formations,  the  Upper  Devonian  Trimmers  Rock  and 
Catskill  Formations,  the  Devonian-Mississippian  Spechty  Kopf  Forma- 
tion, the  Mississippian  Pocono  and  Mauch  Chunk  Formations,  and 
the  Pennsylvanian  Pottsville  Formation.  This  unit  contains  nearly  sym- 
metric, concentric  flexural-slip  folds  with  wavelengths  of  more  than 
five  miles  and  amplitudes  of  about  one  mile. 

Surficial  deposits  occur  throughout  the  mapped  area  and  include: 
Pleistocene  pre-lllinoian(?)  till  and  outwash(?),  lllinoian(?)  till  and  outwash, 
Wisconsinan  outwash,  shale-chip  rubble,  boulder  fields,  and  colluvium; 
and  Holocene  alluvium,  landslide  deposits,  and  man-made  dumps. 

The  rocks  of  the  mapped  area,  except  for  the  deeply  weathered  lime- 
stones, generally  have  good  slope  stability  and  foundation  support  strength, 
moderate  to  low  primary  infiltration  capacity  and  aquifer  potential  but 
moderate  to  high  secondary  values  for  these  properties,  moderate  resistance 
to  weathering,  and  are  moderately  difficult  to  difficult  to  excavate.  All  of 
these  properties  are  strongly  influenced  by  the  abundant  bedding,  cleavage, 
and  joint  partings  of  the  rocks.  Similar  evaluations  for  the  surficial  deposits 
indicate  less  desirable  values  except  for  the  ease  of  excavation  of  most  of 
the  unconsolidated  materials. 

Currently  active  and  potential  mineral  resources  are  numerous  in  the 
Lehighton  and  Palmerton  quadrangles  and  include  slate,  sand,  paint  ore, 
building  stone,  crushed  rock,  lightweight  aggregate,  clinker  residue,  clay, 
hydraulic  cement,  and  roofing  granules. 


INTRODUCTION 

In  1960  a cooperative  program  of  geologic  investigation  in  northeastern 
Pennsylvania  was  begun  by  the  Pennsylvania  Geological  Survey  and  the 
United  States  Geological  Survey.  This  program  was  initiated  because  of 
(1)  the  lack  of  any  detailed  geologic  information  in  northeastern  Pennsyl- 
vania, and  (2)  the  need  for  geologic  information  which  has  resulted  from 
rapid  development  and  increased  interest  in  the  economic  mineral  potential 
of  the  area.  This  report  on  the  Lehighton  and  Palmerton  73/^-minute  quad- 
rangles is  a major  product  of  this  cooperative  program  and  represents  the 
basic  framework  upon  which  geologic  investigations  have  continued  in 
northeastern  Pennsylvania. 
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Figure  1.  Physiographic  provinces  of  Pennsylvania  and  location  of  Lehighton  and 
Palmerton  712-minute  quadrangles. 


The  report  area  lies  in  parts  of  Carbon,  Lehigh,  Monroe,  and  Northamp- 
ton Counties.  Its  location  in  the  state  is  shown  in  Figure  1. 

The  Lehighton-Palmerton  area  was  selected  as  the  starting  point  for  de- 
tailed work  in  northeastern  Pennsylvania  mainly  because  of  the  excellent 
exposures  of  parts  of  the  Silurian  rocks  and  almost  all  of  the  Devonian  and 
Mississippian  rocks  along  the  Lehigh  River.  These  exposures  have  been 
invaluable  for  the  establishment  of  a sound  stratigraphic  framework  for 
the  area. 

This  report  embodies  the  observations  and  interpretations  of  the  three 
authors  as  well  as  the  ideas  of  innumerable  people  who  have  visited  the 
area  during  the  years  of  investigation.  The  geologic  investigation  was  initially 
divided  at  the  base  of  the  Oriskany  Group  and  Epstein  mapped  and  studied 
all  of  the  rocks  stratigraphically  below  the  Oriskany  Group  as  well  as  the 
surficial  materials  overlying  those  rocks.  Glaeser  and  J.  F.  Wietrzychowski 
commenced  investigation  of  the  Oriskany  and  younger  rocks,  Wietrzychowski 
involving  himself  mainly  with  mapping  the  Palmerton  quadrangle  and 
Glaeser  working  on  the  stratigraphy  of  the  L'pper  Devonian  rocks.  Wietrzy- 
chowski left  the  project  in  1964  and  was  replaced  by  Sevon  in  1965.  Sevon 
mapped  all  of  the  Oriskany  Group  and  younger  rocks  (revising  much  of 
Wietrzychowski’s  w'ork)  and  the  surficial  materials  overlying  those  rocks. 
Thus,  the  map  represents  basically  the  w'ork  of  Epstein  and  Sevon,  and  the 
report  is  divided  principally  as  follows:  Epstein,  all  of  the  stratigraphy 
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below  the  Oriskany  Group,  most  of  the  structure  section,  and  part  of  the 
surhcial  geology,  environmental  geology,  and  mineral  resources  sections; 
Glaeser,  the  stratigraphy  of  the  Trimmers  Rock  and  Catskill  Formations; 
Sevon,  the  stratigraphy  of  the  Griskany  Group  through  the  Mahantango 
Formation,  the  Spechty  Kopf,  Pocono,  Mauch  Chunk,  and  Pottsville  For- 
mations, most  of  the  environmental  geology  and  mineral  resources  sections, 
and  part  of  the  surhcial  geology  and  structure  sections. 
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PHYSICAL  SETTING 

The  dominant  topographic  feature  of  the  mapped  area  is  Blue  Mountain,  a 
long,  narrow  ridge  ^vhich  trends  west-southwest  across  the  southern  part  of 
the  area,  reaches  altitudes  generally  o\er  1,400  feet,  and  has  local  relief 
of  about  1,000  feet.  This  mountain  marks  the  southern  limit  of  the  folded 
.Appalachian  Mountain  section  of  the  Valley  and  Ridge  physiographic 
province.  The  Great  Valley  section  of  the  same  province  lies  to  the  south 
of  Blue  Mountain  and  the  Pocono  Plateau  section  of  the  Appalachian 
Plateaus  physiographic  province  lies  immediately  to  the  north  of  the  area. 

The  second  most  important  geomorphic  feature  in  the  ai'ea  is  the  valley 
occupied  by  the  Eehigh  River.  Except  for  short  reaches  south  of  Jim  Thorpe 
and  west  of  Palmerton  where  the  river  parallels  the  regional  trend  of  bed- 
rock, the  course  of  the  Eehigh  River  flows  nearly  perpendicular  to  the 
regional  trend  of  bedrock.  The  river  has  cut  through  very  I'esistant  rock 
materials  to  form  a spectacular  gorge  south  of  Jim  Thorpe  and  the  equally 
spectacular  Lehigh  Gap  south  of  Palmerton.  These  features  have  led  to 
the  speculation  that  the  river  has  been  superimposed  upon  the  underlying 
bedrock  from  an  old  peneplane  surface  such  as  the  Schooley,  but  Epstein 
( 1966)  suggests  that  the  location  of  the  Lehigh  Gap  is  a function  of  structural 
weakness  and  not  necessarily  related  to  superimposition.  The  Lehigh  River 
is  the  main  stream  into  which  all  surface  water  of  the  area  drains. 

The  area  south  of  Blue  Mountain  consists  of  gently  rolling  hills  with  local 
relief  of  100  to  200  feet.  The  area  has  some  surficial  materials  on  the  surface. 
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but  most  of  the  drainage  ruts  into  shale  of  the  Martinshurg  Formation. 
There  appears  to  he  no  relationship  between  drainage  pattern  and  the 
complexly  folded  Martinshurg.  This  lack  of  relationship  betwc'en  structure 
and  drainage,  and  the  general  accordance  ot  many  hilltop  ele\ations  in 
this  and  adjacent  areas,  has  led  to  the  suggestion  that  the  hilltops  represent 
the  remnants  of  a former  erosion  surface  generally  designated  the  Hari’ishurg 
peneplane  (\'er  Steeg,  1934). 

Blue  Mountain  is  part  of  a continuous  mountain  ridge  extending  from  New 
York  (to  the  northeast)  to  Maryland  (to  the  southwest),  broken  only  occa- 
sionally by  water  gaps  formed  by  major  streams  such  as  the  Lehigh  Ri\er. 
The  crest  of  the  mountain  is  underlain  by  resistant  upturned  rocks;  the 
slopes  are  steep  and  in  places  coxcred  with  thick  collux  ial  deposits  xxhich 
hax'e  not  been  remox’ed  by  streams  at  the  slope  base.  The  txxo  wind  gaps, 
Lehigh  Furnace  Gap  and  Little  Gap,  may  represent  the  former  jjositions  of 
major  streams,  xxhich  once  tloxxed  through  Blue  Mountain  xvhen  tojxography 
xvas  regionally  at  the  general  lex'el  of  the  base  of  the  wind  gajts,  and  which 
xvere  subsec[ucntly  pirated  by  tributaries  to  the  Lehigh  Rixer. 

Betxveen  Blue  Mountain  on  the  south  and  Mauch  Chunk  Ridge  and  Bear 
Mountain  (and  its  eastxxard  continuation)  to  the  north,  there  are  a x-ariety  ol 
hills,  x'alleys,  ridges,  and  drainage  systems  xx'hich  reflect  almost  perfectly 
the  underlying  bedrock  geology.  Ridges  such  as  Stone  Ridge  (southxxest  ot 
Boxvmanstoxxn),  Stony  Ridge  (east  of  Palmerton),  Mahoning  Hills  (south- 
xvest  of  Lehighton,  and  their  continuation  to  the  northeast  through  Harrity 
and  Forest  Inn)  and  Indian  Hills  (southeast  of  Lehighton)  result  from 
differential  erosion  of  less  resistant  rocks  on  cither  side  ol  incu  e resistant  rocks. 
The  main  tributaries  to  the  Lehigh  Rixer,  such  as  Lizard,  Mahoning, 
Pohopoco,  and  Ac|uashicola  Greeks,  irarallel  the  regional  trend  ot  bedrock, 
whereas  tributaries  to  these  streams  cut  across  bedrock  and  are  in  turn 
joined  by  drainage  xx'hich  parallels  bedrock.  The  resultant  tttpography, 
dexeloped  through  erosion  by  the  drainage  netxx'ork,  reflects  xery  xxell  the 
regional  bedrock  trends  and  relatixe  resistance  of  the  rocks  to  (uosion. 

Fexx-  drainage  anomalies  occur  xx  ithin  this  part  of  the  area  but  txxo  should 
be  mentioned.  The  course  of  Pohopoco  Creek  betxxeen  its  mouth  at  Parryx  ille 
and  Harrity  is  anomalous  xx  ith  resjrect  to  the  general  orderliness  cjl  drainage 
patterns  elsexxhere  in  the  area;  this  part  of  the  stream  occupies  a gorge, 
xx’hereas  east  of  Flarrity  the  stream  xalley  is  relatix’ely  broad.  The  narroxx' 
part  of  the  channel  may  haxe  resttlted  from  cutting  during  the  Illinoian(?) 
glaciation.  Hoxxexer,  in  xiexx  of  the  amount  of  doxxncutting  reciuired  to 
create  a graded  stream,  cutting  during  a pre-Illinoian( .-^ ) glaciation  (xxhich 
is  suggested  by  some  clejtosits  south  of  Lehigh  Gap)  seems  more  probable. 

Mauch  Chunk  Ridge  and  Bear  Mountain  represent  the  southxx’estxxard 
extension  and  actual  beginning  of  the  Pocono  Plateau  escarpment.  This 
ridge  is  upheld  by  very  resistant  uppermost  Catskill  rocks  and  is  the  most 
striking  topographic  feature  in  the  northern  part  of  the  area. 
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STRATIGRAPHY 

This  section  treats  the  physical  description  of  the  various  lithologic  units, 
both  bedrock  and  surficial,  which  have  been  identified,  studied,  and  mapped 
in  the  Lehighton  and  Palmerton  quadrangles.  The  emphasis  is  placed 
entirely  upon  the  physical  aspects  of  these  units  with  minimal  discussion  of 
stratigraphic  nomenclature.  The  stratigraphic  nomenclature  used  for  rock 
units  in  the  mapped  area  is  reviewed  in  Plate  3. 

The  rock  sequence  in  the  Lehighton  and  Palmerton  quadrangles  con- 
sists of  about  27,000  feet  of  shale,  siltstone,  sandstone,  conglomerate,  lime- 
stone, and  dolomite  ranging  from  Late  Ordovician  to  Pennsylvanian  in 
age.  Several  of  the  stratigraphic  units  are  poorly  exposed  because  of  deep 
weathering  and  cover  by  colluvium,  alluvium,  and  glacial  deposits.  Large 
areas  of  the  Martinsburg  Formation  are  covered,  and,  for  the  same  reason, 
stratigraphic  details  of  the  upper  part  of  the  Bloomsburg  Red  Beds,  up  to 
and  including  the  Shriver  Chert  of  the  Oriskany  Group,  are  poorly  known. 
However,  data  from  exposures  in  railroad  cuts,  abandoned  quarries,  and 
other  excavations  reported  in  the  literature  have  established  a reliable  strati- 
graphic succession.  Because  several  of  the  units  are  very  deeply  weathered, 
satisfactory  descriptions  of  the  fresh  rock  cannot  be  made  in  the  quadrangles* 
The  Devonian  and  Mississippian  stratigraphic  units  are  almost  completely 
exposed  along  the  Lehigh  River  and  much  information  has  come  from  de- 
tailed descriptions  of  these  exposures. 

ORDOVICIAN 

Martinsburg  Formation 

The  name  Martinsburg  was  first  used  by  Geiger  and  Keith  (1891),  and 
the  formation  was  first  adequately  described  by  Keith  (1894)  for  partly 
calcareous  shales  exposed  near  Martinslmrg,  West  Virginia.  The  belt  of 
rock  was  traced  by  subsequent  workers  into  the  Lehigh  and  Delaware  Val- 
leys, where  it  consists  of  slate  and  graywacke  9,800  to  12,800  feet  thick, 
where  it  is  generally  considered  to  be  Middle  Ordovician  (Trentonian)  to 
Late  Ordovician  (Maysvillia'n)  in  age,  and  where  it  has  been  divided  into 
three  members  (summarized  by  Drake  and  Epstein,  1967). 

For  nearly  a century  there  has  been  disagreement  on  the  internal  divi- 
sion of  the  Martinsburg  Formation  in  eastern  Pennsylvania.  On  the  basis 
of  faunal  and  structural  evidence  in  the  area  generally  west  of  the  Lehigh 
River,  the  Martinslaiirg  was  divided  into  two  groups;  a lower  shale  unit 
and  an  upper  sandstone  unit  (Stose,  1930;  Ward,  1937;  Willard  and 
Cleaves,  1939;  Miller  and  others,  1941;  Willard,  1943;  and  Moseley, 
1950).  Between  the  Delaware  and  Lehigh  Rivers,  structural  evidence 
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suggests  that  the  Martiiisburg  consists  of  two  slate  belts  separated  by  a 
middle  sandstone-bearing  unit  (Merriman,  1898:  Dale  and  others,  1906, 
1914;  Peck,  1908;  Miller,  1925;  liehre,  1924,  1933;  and  Miller  and  others, 
1939) . Behre’s  work  is  the  most  detailed,  but  his  threefold  interpretation 
was  not  accepted  on  the  most  recent  State  geologic  map  (Gray  and  others, 
1960) . Detailed  stratigraphic  and  structural  evidence  reported  by  Drake 
and  Epstein  (1967)  shows  that  the  Martinsburg  of  the  slate  belt  can  be 
divided  into  three  members  in  almost  the  same  way  as  defined  by  Behre. 
These  are,  in  ascending  order,  the  Bushkill,  Ramseyburg,  and  Pen 
Argyl  Members. 

Those  wdio  believe  in  a twofold  division  of  the  Martinsburg  have 
estimated  that  the  formation  is  as  thin  as  3,000  feet  (Stose,  1930)  , where- 
as those  who  believe  in  three  members  have  estimated  thicknesses  in 
excess  of  10,000  feet  (Behre,  1933;  Drake  and  Epstein,  1967). 

All  geologists  agree  that  a basal  slate  member  (Bushkill)  is  overlain 
by  a sandy  member  (Ramseylmrg)  . Those  who  believe  in  two  members 
maintain  that  the  uppermost  member  (Pen  Argyl)  of  the  “threefold 
school”  is  actually  the  low'er  member  repeated  by  folding  and  that  it  dips 
underneath  the  middle  member  in  a large  upright  regional  syncline. 
However,  in  the  L.ehighton  and  Palmerton  quadrangles  and  east  to  the 
Delaware  River,  where  the  Pen  Argyl  dips  south  at  its  contact  with 
the  Ramseyburg,  it  is  overturned,  as  indicated  bv  graded  beds  and  cross- 
beds, bedding-cleavage  relations,  and  geometry  of  folds.  Where  the  contact 
dips  to  the  north,  the  beds  are  upright,  as  shown  by  sedimentary  struc- 
tures, and  the  Pen  Argyl  is  clearly  younger  than  the  Ramseyburg. 

There  is  also  supporting  stratigraphic  evidence.  If  the  upper  member 
were  the  lower  member  repeated  by  folding,  the  two  units  should  be 
lithically  similar.  However,  the  Pen  Argyl  and  Bushkill  Members  are 
lithically  distinct.  In  addition,  (juarrymen  in  eastern  Pennsylvania  have 
long  been  aware  of  two  distinctly  different  slate  belts  in  eastern  Penn- 
sylvania: a “soft-vein"  belt  to  the  north  and  a “hard-vein”  belt  to  the 
south.  These  are  not  belts  repeated  by  folding:  Stose’s  (1930)  regional 
syncline  does  not  exist  in  this  area  (Drake  and  Epstein,  1967). 

In  the  Lehighton  and  Palmerton  quadrangles,  onlv  the  Pen  Argyl  and 
Ramseyburg  Members  are  exposed.  The  Bushkill  Member  crops  out  to 
the  south. 

Ramseyburg  Member 

The  Ramseyburg  Member  of  the  Martinsburg  Eormation  was  named 
for  representative  outcrops  near  Ramseyburg,  Warren  County,  N.J.  It 
consists  mostly  of  slate  but  is  characterized  by  interbedded  graywacke 
that  makes  up  about  20  to  30  percent  of  the  unit.  The  beds  of  slate  are 
less  than  1 inch  to  more  than  10  feet  thick.  The  graywacke  consists  of 
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medium-gray  (NT))’  siltstone  to  medium-grained  sandstone  in  beds  rang- 
ing Irom  laminae  to  more  than  4 feet  in  thickness.  Graywacke  beds  are 
generally  poorly  exposetl  because  they  are  calcareous  (see  following  sec-  ' 
tion  on  petrography)  and  readily  leached.  Characteristically,  these  beds 
hokl  u])  low  hills  and  litter  the  ground  with  “tobacco-brown"  (light- 
brown  (,5YR5/())  to  moderate-yellowish-brown  ( 1 OYRa/d) ) angular  frag-  ' 
nients  several  inches  long.  Commonly,  the  bottoms  of  graywacke  beds  are  i 
abrupt  and  ctit  into  tinderlying  beds.  The  graywackes  grade  tip  into 
meditim-gray  slate  which  in  turn  passes  into  grayish-lrlack  (N2)  carbona-  i 
ceous  slate,  (fraded  Iredding,  parallel  and  ripple  laminations,  convoluted  i 
bedding,  and  .sole  marks  are  common  features  in  the  graywacke.  A few 
beds  contain  comminuted  fossil  debris,  mostly  brachiopods  and  criiioids. 
'rhe,se  leatures,  along  with  regional  paleogeographic  considerations,  led  j 
McBride  (1962)  to  the  concltision  that  the  graywackes  were  emplaced  Iry 
ttirbidity  currents  in  deep  water  where  the  “normal"  sediment  was  j 
jrelagic  mud. 

I'o  the  east,  in  the  Bangor-Wind  Gap  area,  slate  “runs”  within  the 
Ramseyburg  are  presently  tpiarried  and  have  been  extensively  t|uarried  1 
in  the  j)ast.  Jn  the  Palmerton  quadrangle,  no  qtiarries  are  active  at 
present. 

The  Ramseyburg  is  about  2,700  to  3,000  leet  thick,  an  estimate  based  i 
on  construction  ol  cross  sections.  Its  gradational  contact  with  the  under- 
lying Bushkill  Member  of  the  Martinsburg  Formation  is  exposed  south 
and  east  of  the  Lehighton  and  Palmerton  cpiadrangles,  where  it  is  placed 
at  the  base  of  the  lowest  graywacke  bed  that  is  generally  more  than 
1 foot  thick. 

P('U  Argyl  Member 

Fhe  slate  (piarries  near  Pen  Argyl,  Northampton  County,  Pennsyl- 
rania,  arc  the  type  locality  for  the  Pen  Argyl  Mcmlrer  of  the  Martinsburg  i 
Foiination  (Drake  and  Epstein,  1967).  In  the  Palmerton  and  Lehighton  I 
(piadranglcs,  the  Pen  Argyl  is  abotit  .6, 000  to  6,000  feet  thick.  It  is  tin-  | 
conformably  overlain  by  tlie  Shawangunk  Formation,  so  its  total  thick- 
ness could  be  greater.  The  Pen  Argyl  consists  of  medium-dark -gray  (N4) 
and  dark-gray  (N3)  , thin-  to  thick-bedded,  evenly  bedded,  calcareous 
slate  rhythmically  interbedded  with  grayish-black  (N2)  carbonaceous 
slate  (Figure  2).  In  some  expostires,  graywacke  laminae  and  beds  that  ! 
may  be  as  much  as  4 feet  thick  mark  the  base  of  fining-upward  sequences 
as  they  do  in  the  underlying  Ramseyburg  Member.  The  weathered  slate 
is  generally  color  banded  (for  exam])le,  moderate  brown  (.5YR3/4)  , 
moderate-orange  pink  (.5YR8/4),  light-olive  gray  (.5YR6/1),  and  grayish 

’ Ml  rock  color.s  were  determined  using  tlie  Rock-color  chart  ('Goddard  and  others, 
1918). 
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orange  (10YR7/4)).  4'he  lower  contact  of  the  Pen  Argyl  is  the  top  of  the 
uppermost  prominent  graywacke  of  the  Ramseybnrg  Member.  Many  beds 
in  the  Pen  Argyl  are  more  than  10  feet  thick,  and  some  are  as  much  as 
25  feet  thick.  This  is  the  major  difference  between  the  Pen  Argyl  and  the 
Bnshkill  Member  which  underlies  the  Ramseybnrg— beds  in  the  Bushkill 
are  generally  not  more  than  1 inch  thick  and  are  not  known  to  exceed 
6 inches. 

Petrography 

The  slates  and  sandstones  (graywackes),  aside  from  the  gross  lithic 
differences  mentioned  above,  vary  little  throughout  the  Afartinsburg 
Formation.  Grain  size  ranges  from  less  than  .005  mm  in  clay  slates  to 
about  0.3  mm  in  medium-grained  sandstones. 

As  determined  by  semiquantitative  X-ray  diffraction  analyses,  using 
the  method  of  O'Neill  and  others  (1965)  and  the  limits  of  accuracy  that  | 
they  suggest,  the  dominant  minerals  in  six  random  samples  of  slate  in  the  I 
Palmerton  quadrangle  are  quartz  (32-45  percent) , muscovite  (25-54  per-  I 
cent),  chlorite  (13-32  percent),  and  feldspar  (1-3  percent).  Calcite  is 
variable,  as  seen  in  thin  section.  Probably  much  of  the  calcite  is  ankeritic, 
judging  from  the  brown  stain  that  forms  on  weathering.  Pyrite  and  black 
opaque  minerals  are  commonly  scattered  throughout  all  samples.  The 
grayish-black  (N2)  slates  that  form  the  top  of  upward-fining  cycles  are 
carbonaceous,  and  finer  grained  and  less  calcareous  than  the  dark-gray 
slates. 

Quartz  grains  in  the  slate  are  angidar.  They  are  elongate  in  the  direc- 
tion of  cleavage,  and  the  sides  that  are  perpendicular  to  cleavage  are 
ragged,  evidently  because  of  pressure  solution.  Finer  grained  quartz, 
chlorite,  muscovite,  calcite,  and  iron-oxide  dust  have  grown  in  the  pres- 
sure-shadow areas  (Figure  3) . 

Chlorite  and  muscovite  form  a large  part  of  the  finer  interstitial  min- 
erals of  the  slate.  They  are  lath  shaped,  and  some  of  these  grains  are 
parallel  to  the  cleavage,  although  many  grains  are  not.  Larger  grains  of 
intergrown  chlorite  and  muscovite  are  more  than  10  times  the  average 
grain  size  of  the  interstitial  minerals  and  are  believed  to  be  porphyro- 
blasts  (Figure  3)  . The  chlorite  has  blue  and  reddish-brown  interference 
colors  and  is  identified  as  pennine. 

Carbonaceous  matter  forms  black  streaks  in  cleavage  planes.  A sparse 
grain  of  microcline  can  be  identified  in  thin  section,  but  the  dominant 
feldspar  is  albite,  as  indicated  by  X-ray  analysis.  Albite  has  not  been 
definitely  identified  in  thin  section  because  of  the  fine  grain  size  of  the 
slates. 

Chemical  analyses  of  typical  slates  and  graywackes  from  the  Martins- 
burg  Formation  are  given  in  Table  1.  The  relatively  low  silica  content, 
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Figure  3.  Photomicrograph  i plane-polarized  light)  of  medium-dark-gray  (N4)  slate, 
Pen  Argyl  Member  of  the  Martinsburg  Formation,  abandoned  Peters  quarry, 
4,900  feet  N19E  of  Walnutport,  Pennsylvania,  Palmerton  quadrangle. 
Bedding  (So),  not  apparent  in  photograph,  is  at  an  angle  of  44°  to  slaty 
cleavage  (Si).  Several  large  grains  of  intergrown  chlorite  ich)  and  muscovite 
(m),  believed  to  be  porphyroblasts,  are  as  much  as  15  times  the  average 
grain  size  of  groundmass  muscovite,  chlorite,  and  quartz.  These  grains  are 
elongated  in  the  direction  of  slaty  cleavage,  their  mineral  cleavage  is  at  a 
high  angle  to  the  slaty  cleavage,  and  the  mineral  cleavage  is  at  an  appre- 
ciable angle  to  bedding.  Most  platy  minerals  are  parallel  to  the  slaty  cleav- 
age, but  some,  not  readily  apparent  in  this  photomicrograph,  are  not.  Quartz 
(q)  is  ragged  with  growths  of  smaller  muscovite,  quartz,  chlorite,  and  calcite 
in  pressure-shadow  areas  (arrow).  Opaque  minerals,  mostly  pyrite  and 
probably  magnetite,  and  calcite  (ca)  are  scattered  throughout.  Chemical 
analysis  of  this  rock  is  given  in  Table  1,  sample  2. 


low  silica/aluniina  ratios,  and  low  alumina/soda  ratios,  as  well  as  the 
textural  and  inineralogical  characteristics  ol  these  rocks,  particularly  the 
sandstones,  sltow  that  they  are  an  immature  suite  (compare  with  more 
mature  rocks  ot  the  Shawangunk  Formation  in  "Fable  1^)  . Further  details 
o£  mineralogy  and  chemical  composition  have  been  given  by  Behre 
(1933) . 

The  giaywacke  in  the  Martinslturg  Formation  is  hard,  medium-gray 
(\5)  to  medium-dark-gray  (N4)  , micaceous,  chloritic,  ])oorly  sorted  sand- 
stone and  siltstone.  Both  lithic  and  feldspathic  graywackes  are  common 
(classification  of  Pettijohn,  19,57).  .\s  shown  in  thin  section  (Figures  4-6), 
the  matrix  consists  predominantly  ot  silt-  and  clay-sized  muscovite, 
quartz,  chlorite,  and  calcite,  with  minor  opatpie  minerals  and  carbona- 
ceous matter.  Floating  in  the  matrix,  which  ranges  from  alrout  25  to  50 
percent  of  the  rock,  are  angular  grains  of  C|uartz  (probalrly  30  to  10 
percent),  feldspar  (1-10  jjercent,  predominantly  plagioclase  and  mostly 
albite-andesine)  , muscovite  and  chlorite  (probably  averaging  about  5 per- 
cent), and  ctilcite  (probably  1 to  15  percent).  The  calcite  in  many  thin 
sections  appears  to  be  detrital  because  it  occurs  as  discrete  irregular  giains 
with  the  same  range  in  grain  size  as  detrital  cjuartz  and  does  not  generally 
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Table  1.  Chemical  and  Semiquantitative  Spectrograph ic  Analyses  of 
Slate  {Samples  1 and  2),  Silty  Slate  {Sample  3),  and  Graywacke 
{Samples  4 and  5)  from  the  Martinsburg  Formation 

Analysis  of  sample  1 is  from  Dale  and  others,  1914,  p.  108.  Values  for  samples  2-5  above 
the  double  line  are  from  rapid-rock  analyses  by  P.  Elmore,  G.  Chloe,  J.  Kelsey,  S.  Botts, 
H,  Smith,  J.  Glenn,  and  L.  Artis,  U.S.  Geological  Survey.  Values,  in  parts  per  million, 
for  samples  2-5  below  the  double  line  are  from  semiquantitative  spectrographic  analyses 
by  J.  L.  Harris,  U.S.  Geological  Survey,  analyst.  N,  not  detected  or  at  limit  of  detection; 
L,  detected  but  below  limit  of  determination.  The  following  elements  were  looked  for  in 
samples  2-5  and  not  detected  or  were  found  in  amounts  at  the  limit  of  detection;  As,  Au,  Bi, 
Gd,  Eu,  Ge,  Hf,  In,  Li,  Mo,  Nd,  Pd,  Pr,  Pt,  Re,  Sb,  Sm,  Sn,  Ta,  Te,  Th,  Tl,  U,  W,  Zn. 


1 

2 

3 

4 

5 

SiO. 

56,38 

50.2 

66.1 

69.9 

59.2 

A1203 

15.27 

16.4 

15.2 

12.7 

8.4 

FeoO., 

1.67 

2.0 

1 .4 

2.0 

1.5 

FeO 

3 . 23 

4.4 

4.2 

4. 1 

3.2 

MgO 

2.84 

2.8 

2.7 

2.4 

2.6 

CaO 

4.23 

7.6 

.17 

.36 

9.6 

NanO 

1.30 

. 63 

.48 

1.3 

1.5 

K2O 

3.51 

3.8 

3.3 

2.6 

1.5 

H2O- 

.77 

. 19 

.47 

.29 

. 10 

H,0-f 

4 . 09 

3.8 

4.0 

3.0 

1.6 

TiOs 

.78 

.80 

.94 

.84 

.48 

P2O3 

.17 

. 16 

. 12 

.15 

. 12 

MnO 

.09 

. 10 

.07 

.05 

.17 

CO2 

3.67 

6 . 6 

.08 

.05 

9.5 

Total 

(percent) 

100.39“ 

99.5 

99.2 

99.74 

99.5 

Ag 

N 

N 

N 

1 

B 

70 

50 

30 

30 

Ba 

700 

300 

200 

200 

Be 

3 

2 

1 

1 

Co 

20 

15 

15 

10 

Gr 

70 

70 

50 

30 

Cu 

30 

20 

30 

15 

La 

100 

70 

N 

N 

Nb 

10 

20 

10 

7 

Ni 

50 

50 

30 

L 

Pb 

1 

2 

N 

5 

Sc 

N 

N 

N 

7 

Sr 

300 

15 

50 

300 

V 

100 

150 

70 

50 

5' 

50 

30 

30 

20 

Zr 

100 

200 

200 

150 

Ce 

500 

300 

100 

100 

Ga 

20 

15 

15 

10 

Vb 

5 

3 

3 

2 
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Table  1.  (Continued) 

1.  Slate,  Pen  Argyl  Meniljcr,  “Lower  Franklin  bed,"  abandoned  Old  Franklin  quarry, 
1,900  feet  southeast  of  Rcxtown,  .Slatedale  quadrangle,  1,000  feet  south  of  Lehighton 
quadrangle,  Lehigh  County,  Pa.  Note:  a,  includes  BaO  (0.08  percent),  FeS^.  (1.72 
percent),  and  C (0.59  percent). 

2.  .Slate,  Pen  Argyl  Member,  4,900  feet  north-northeast  of  Walnutport,  Palmerton 
quadrangle,  Northampton  County,  Pa.  Pdgure  3 is  a photomicrograph  of  sample. 

3.  .Silty  slate,  Pen  Argyl  Member,  233  feet  stratigraphically  below  contact  of  .Shawangunk 
Formation  and  Martinsburg  Formation  along  abandoned  Lehigh  and  New  England 
Railroad  grade  at  Lehigh  Gap,  Palmerton  quadrangle,  Northampton  County,  Pa. 

4.  Graywacke  from  3-foot-thick  bed.  Pen  Argyl  Member,  1.52  feet  stratigraphically  below 
contact  of  Shawangunk  Formation  and  Martinsburg  Formation  along  abandoned  Lehigh 
and  New  England  Railroad  grade  at  Lehigh  Gap,  Palmerton  quadrangle,  Northampton 
County,  Pa.  Figure  5 is  photomicrograph  of  sample. 

5.  Graywacke,  Pen  Argyl  Member,  abandoned  Lehigh  Gap  slate  quarry,  4,500  feet  north 
of  Slatington,  Palmerton  quadrangle,  Lehigh  County,  Pa.  Figure  4 is  photomicrograph  of 
sample. 


Figure  4.  Photomicrograph  (crossed  polarizers)  of  medium-dark-gray,  fine-  to  medium- 
grained lithic  (calcitic)  graywacke,  Pen  Argyl  Member  of  the  Martinsburg 
Formation,  abandoned  Lehigh  Gap  slate  quarry,  4,500  feet  north  of  Slating- 
ton, Pa.,  Palmerton  quadrangle.  The  framework  grains  are  as  much  as 
0.2  mm  long  and  consist  of  quartz  (q,  35  percent);  irregular  discrete  grains 
and  lesser  rhombs  of  calcite  (c,  15  percent);  plagioclase  (p,  1 oercent); 
muscovite  (m)  and  chlorite  (about  2 percent);  and  sparse  zircon  (z).  The 
groundmass  is  composed  of  finer  grained  muscovite,  quartz,  chlorite,  and 
calcite,  and  lesser  carbonaceous  matter  and  opaque  minerals  such  as  pyrite 
spherules  (py).  Note  cleavage  (Si)  which  is  at  an  angle  of  25°  to  bedding 
(So).  Chemical  analysis  of  this  sample  is  given  in  Table  1,  column  5. 
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envelop  and  torm  a cement  around  other  grains.  Thus,  if  the  calcite 
grains  are  rock  tragments,  these  sandstones  are  lithic  graywackes  (Fig- 
ure 4).  Rock  fragments  of  other  types,  such  as  shale  and  siltstone,  are 
rare  in  calcitic  graywackes  and  common  in  some  noncalcitic  types  (Fig- 
ure 5)  . Feldspathic  graywackes  are  also  common  (Figure  6).  Heavy 
minerals,  such  as  zircon,  tourmaline,  and  rutile,  were  noted.  No  am- 
phibole  or  pyroxene  was  seen.  Biotite  is  not  abundant  but  generally  can 
be  found.  In  outcrop,  intraclasts  of  shale  (now  slate)  are  common.  These 
are  as  much  as  several  inches  long.  Many  graywacke  beds  have  framework 
minerals  that  are  dominantly  silt  size  and  generally  overlie  graywacke 
sandstones  and  grade  up  into  slates. 


Figure  5.  Photomicrograph  (crossed  polarizers)  of  lithic  graywacke,  Pen  Argyl  Mem- 
ber of  the  Martinsburg  Formation,  152  feet  below  the  contact  with  the 
Shawangunk  Formation,  Lehigh  Gap,  Palmerton  quadrangle,  Pennsylvania. 
The  framework  minerals  are  quartz  (q,  34  percent),  argillite  rock  fragments 
(r,  9 percent),  plagioclase  ip,  4 percent),  and  microcline  (m)  and  orthoclase 
(2  percent),  in  a fine-grained  matrix  of  muscovite,  quartz,  and  chlorite  (47 
percent)  with  minor  limonite  and  other  opaque  minerals.  Detrital  biotite  (b), 
whose  long  dimension  is  parallel  to  bedding  and  which  is  partly  altered  to 
chlorite,  makes  up  less  than  1 percent  of  the  rock.  Bedding  (So)  makes  an 
angle  of  60°  to  cleavage  (Si).  Chemical  analysis  of  this  sample  is  given  in 
Table  1 , column  4. 
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Figure  6.  Photomicrograph  (crossed  polarizers)  of  fine-grained  feldspathic  graywacke, 
upper  part  of  the  Ramseyburg  Member  of  the  Martinsburg  Formation, 
roadcut  along  Pa.  Route  145,  Walnutport,  Pa.,  1,200  feet  south  of  the 
Palmerton  quadrangle  in  the  Cementon  quadrangle.  Matrix  labout  50 
percent)  consists  of  a paste  of  muscovite,  chlorite,  quartz,  calcite,  and  opaque 
matter.  The  framework  grains  are  quartz  iq,  40  percent),  feldspar  (mostly 
plagioclase,  p,  3 percent),  and  calcite  (c,  7 percent).  The  quartz  grains  are 
rutilated  in  part  and  are  generally  single  grains  with  straight  to  slightly  un- 
dulose  extinction,  although  some  grains  are  semicomposite.  Minor  amounts 
of  large  grains  of  muscovite  and  chlorite,  rock  fragments  ishale  and  chert), 
as  well  as  grains  of  biotite,  subhedral  zircon,  and  angular  tourmaline  it) 
are  also  found.  Some  calcite  appears  as  discrete  grains,  but  much  is  re- 
crystallized and  envelops  other  grains.  Note  growth  of  muscovite  between 
quartz  grains  (arrow)  parallel  to  cleavage  iSi). 


Age 

The  Martinsburg  Formation  in  eastern  Pennsylvania  grades  down  into 
the  Jacksonburg  Limestone.  The  top  ol  the  jacksonlmrg  is  late  Middle 
Ordovician  in  age  (Rocklandian  to  Sheiinanian  ol  Sweet  and  Bergstrom, 
1971)  on  the  basis  ol  conodont  studies  by  Barnett  (1965)  and  confirmed 
by  conodont  collections  oi  [.  B.  Epstein  which  were  identified  by  |.  \V. 
Huddle  (written  commun.,  1970),  d'he  upper  age  limit  of  the  Maitius- 
burg  is  generally  given  as  early  Maysvillian  (Twenhofel  and  others, 
1954)  on  the  basis  of  an  abundant  shelly  fauna  initially  described  b\ 
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Ulrich  (in  Stose,  1930,  p.  648-649)  from  the  Schochary  Ridge  area  about 
8 miles  southwest  of  the  Lehighton  quadrangle.  This  age  assignment  has 
generally  been  adhered  to  (Behre,  1924,  1933:  Willard,  1939,  1943; 
Moseley,  1950;  Bretsky  and  others,  1969;  Afciver,  1970). 

Graptolites  were  collected  in  the  upper  half  of  the  Pen  Argyl  Member 
from  four  localities  on  the  east  side  of  the  I.ehigh  River  between  the 
contact  with  the  Shawangnnk  Formation  and  one  mile  to  the  south. 

At  all  the  fossil  localities,  the  rock  breaks  parallel  to  bedding,  either 
because  cleavage  is  absent  or  poorly  developed  or  because  bedding  and 
cleavage  are  almost  parallel.  In  general,  most  of  the  graptolites  are  dark 
brown  and  contrast  with  the  lighter  colored  weathered  slate.  These 
graptolites  confirm  that  the  age  of  the  youngest  beds  exposed  at  Lehigh 
Gap  is  early  Late  Ordovician  (Edenian  to  early  Maysvillian  or  upper 
sub/one  of  graptolite  zone  13).  The  faunal  list,  localities,  and  discussion 
of  the  graptolites  are  given  by  Epstein  and  Berry  (1973). 

ORDOVICIAN(?)  AND  SILURIAN 

Shatvangunk  Formation 

Mather  (1840)  named  the  Shawangnnk  Grit  for  sandstones  and  con- 
glomerates in  southeastern  New  York  that  are  part  of  the  same  outcrop 
belt  as  rocks  in  eastern  Pennsylvania  called  Levant  by  Rogers  (18.58)  and 
Oneida  and  Medina  by  White  (1882).  The  term  Shawangnnk  Con- 
glomerate was  first  used  by  Grabaii  (1909)  for  these  rocks  in  eastern 
Pennsylvania.  The  lithic  name  was  changed  from  conglomerate  to  forma- 
tion in  the  Delaware  Water  Gap  area  by  Drake  and  others  (1969). 
.Schuchert  (1916)  and  Swartz  and  Swartz  (1931)  gave  an  account  of  the 
early  nomenclatural  development  of  the  Shawangnnk. 

The  Tuscarora  Sandstone  and  Clinton  Eormation  were  traced  from 
central  Pennsylvania  eastward  to  Lehigh  Gap  by  Swartz  and  Swartz 
(1931).  Further  east,  according  to  them,  these  units  lose  their  identity 
and  merge  into  the  Shawangnnk  Formation.  Recent  detailed  mapping  has 
shown  that  the  Clinton  Formation  of  Swartz  and  Swartz  (1931)  can  be 
traced  eastward  from  the  Lehigh  Gap  area  to  Delaware  Water  Gap 
(Figure  7)  , where  it  forms  a tongue  in  the  Shawangnnk  (Epstein  and 
Epstein,  1967,  1969,  1972;  Drake  and  others,  1969;  Epstein,  1971,  1973). 
The  sandstones  and  conglomerates  tliat  were  called  Tuscarora  by  Swartz 
and  Swartz  can  similarly  be  traced  beneath  the  Clinton.  Because  the 
name  Shawangnnk  has  priority  over  both  the  Tuscarora  (named  by  ' 
Darton  and  Taff  in  1896)  and  Clinton  (named  by  Conrad,  1842),  the 
Shawangnnk  Formation  was  used  by  Epstein  and  Epstein  (1972)  in  the 
area  between  the  Leliighton  and  Palmerton  quadrangles  and  Delaware 
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Figure  7.  Section  showing  stratigraphic  relations  of  the  Shawangunk  Formation  in  the  Lehighton  and  Palmerton  quadrangles  and  m 
easternmost  Pennsylvania  (from  Epstein  and  Epstein,  1972). 
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^Vale^  Gajj  toi'  rocks  alrove  the  Martiiisburg  Formation  and  below  the  I 
Bloomslnirg  Red  Beds,  and  the  names  Clinton  and  Tuscarora  were 
.ibandoned. 

k'om  distinct  lithic  assemblages  in  the  Shawangunk  Formation  have 
been  majjjred  in  eastern  Pennsylvania,  d'hese  were  defined  as  members 
bv  Fpstein  and  Fpstein  (H)72)  and  include,  in  general  ascending  order, 
the  W'^eiders,  Minsi,  Li/ard  Creek,  and  I'ammany  Members  (Figure  7)  . I 
Fhe  Fammauv  Member  pinches  out  near  Smith  Cap  and  does  not  extend  j 
westward  into  the  Pahnerton  (piadrangle. 

Fhe  Shawangunk  Formation  in  the  Lehighton  and  Pahnerton  quad- 
raugles  consists  predominantly  ol  quart/ose  sandstone  (quart/ite),  quartz-, 
chert-,  shale-,  and  cpiartzite-pebble  conglomerate,  siltstone,  and  shale,  as 
well  as  <1  tew  sandstone  and  siltstone  beds  containing  nodules  of  collo- 
phane,  siderite,  and  chlorite.  Some  beds  are  red.  Fossils  are  rare.  The 
measured  thickness  ot  the  Shawangunk  is  1,632  feet  at  Lehigh  Cap,  and 
its  thickness  varies  little  in  the  two  quadrangles.  Four  samples  from  the 
formatiou  have  been  analyzed  chemically  and  spectrographically  (Table 
2).  Fhe  Shawangunk  Fornration  underlies  a prominent  ridge.  Blue  Moun- 
tain. and  the  best  exposures  are  found  in  wind  and  water  gaps  (see 
sections  3 and  1,  E|rstein  and  E]rstein,  1972,  p.  31-42),  but  outcrops  are 
scattered  on  the  top  ol  the  mountain  ;mcl  on  the  steep  south  slope. 

IFc'ic/cr.v  Member 

4’he  WTicIers  .Member  was  named  bv  Epstein  and  Epstein  (1972)  for 
Ireds  consisting  jncdominantly  ol  conglomerate  and  quartzite  exposed 
•doiig  the  alxuidoned  Lehigh  and  New  England  Railroad  in  Lehigh  Cap 
(see  section  3,  Ejrstein  and  E|rstein,  1972.  p.  31-11).  d'he  member  is  named 
foi  Welders  Crossing  about  1,999  leet  south  of  the  gap. 

Fhe  most  abundant  lock  tvpes  in  the  Welders  Member  are  crossbedded 
and  planar-bedded  conglomerate  and  cjuartzite  (Figtire  8)  . Large  quartz 
peblrles  distinguish  the  Welders  from  the  overlying  Minsi  Member.  The 
upjier  contact  is  placed  at  the  top  ot  tlie  Iiighest  bed  containing  pebbles 
more  than  2 inches  long,  a characteristic  that  is  readily  mapped  in  the 
report  area.  Defining  the  tojs  ot  the  member  in  this  way,  the  Welders  is 
189  leet  thick  at  the  type  locality  in  Lehigh  Ca|)  and  abotit  50  feet  at 
Bake  Oven  Knob.  The  thickness  varies  according  to  the  presence  or 
absence  ol  pebbles  more  than  2 inches  long  in  the  topmost  bed  of  the 
member.  ,\t  Ikike  Oven  Knob,  the  top  6 inches  of  the  upper  39  feet  is  ; 
coaiselv  conglomeratic,  if  this  bed  were  missing,  the  Welders  would  be 
only  1 1 feet  thick  there.  The  Welders  is  apparently  thickest  (abotit  220 
feet  based  on  construction  of  cross  sections)  at  Little  Cap. 

Basal  beds  of  the  Weiders  Member  rest  unconformablv  on  beveled 
shale  and  gravwacke  of  the  Pen  Argyl  ^^ember  of  the  Martinsburg  For- 
mation. Fault  gouge,  breccia,  and  slickensides  indicate  that  the  interval 
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Table  2.  Chemical  and  Semiquantitative  Spectrographic  Analyses  of 
Rocks  from  the  Shawangunk  Formation 

Values  above  the  double  line  are  from  rapid-rock  analyses  by  P.  Elmore,  (j.  Clhloe, 
J.  Kelsey,  S.  Botts,  H.  Smith,  J.  Glenn,  and  L.  .^rtis,  U.S.  Geological  Survey.  Values, 
in  parts  per  million,  below  double  line  are  from  semiquantitative  spectrograpliic  analyses 
bv  f.  L.  Harris,  U.S.  Geological  Survey.  N,  not  detected  or  at  limit  of  detection;  L, 
detected  but  below  limit  of  determination.  The  following  elements  were  looked  for  and 
not  detected  or  were  found  in  amounts  at  the  limit  of  detection:  .As,  .Au,  Bi,  Cd,  Eu,  Ge, 
Hf,  In,  Ei,  Nd,  Pd,  Pr,  Pt,  Re,  Sb,  Sm,  Sn,  Ta,  Te,  Th,  Tl,  LA  \V,  Zn.  Ehe  following 
elements  were  not  looked  for  in  samples  1-3  and  were  looked  for  but  not  detected  in  sample 
4:  Dv,  Er,  Gd,  Ho,  Lu,  Tb,  Tm. 
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Table  2.  (Continued) 

1.  Lithic  grayvvacke,  VVeiders  Member  of  the  Shawangunk  Formation,  5 feet  above 
base  of  the  Shawangunk  Formation  (unit  3,  section  3,  Epstein  and  Epstein,' 1972,  p.|31-41), 
abandoned  Lehigh  and  New  England  Railroad  grade,  Lehigh  Gap,  Northampton  County, 
Pa.  Figure  18  is  photomicrograph  of  sample. 

2.  Orthoquartzite,  Lizard  Creek  Member  of  the  Shawangunk  Formation,  860  feet  above 
the  base  of  the  Shawangunk  Formation  (unit  43,  section  3,  Epstein  and  Epstein,  1972,  p. 
31-41),  abandoned  Lehigh  and  New  England  Railroad  grade,  Lehigh  Gap,  Carbon 
County,  Pa.  Figure  29  is  photomicrograph  of  sample. 

3.  Very  fine  grained  hematitic  graywacke.  Lizard  Creek  Member  of  the  Shawangunk 
Formation,  1,000  feet  above  the  base  of  the  Shawangunk  Formation  (unit  54,  section  3, 
Epstein  and  Epstein,  1972,  p.  31-41),  abandoned  Lehigh  and  New  England  Railroad 
grade,  Lehigh  Gap,  Carbon  County,  Pa.  Figure  36  is  photomicrograph  of  sample. 

4.  Calcareous  and  chloritic  sandstone  and  siltstone  with  nodules  of  cellophane  and  siderite. 
Lizard  Creek  Member  of  the  Shawangunk  Formation,  1,280  feet  above  the  base  of  the 
Shawangunk  Formation  (unit  69,  section  3,  Epstein  and  Epstein,  1972,  p.  31-41),  roadcut 
along  Pa.  Route  248,  Carbon  County,  Pa.  Figure  38A  shows  sample. 


Figures.  Interbedded  planar-bedded  conglomerate  and  crossbedded  medium-  to 
very  coarse  grained  quartzite  in  the  Weiders  Member  of  the  Shawangunk 
Formation,  Lehigh  Gap.  Rounded  to  subangular  white  quartz  and  dark- 
gray  chert  pebbles  and  cobbles  are  as  much  as  3 inches  long. 


at  and  just  below  the  contact  is  also  a zone  of  detachment  (see  Epstein 
and  Epstein,  1969,  and  section  on  structural  geology  in  this  report) . 

The  Weiders  Member  is  well  exposed  at  the  type  section  in  Lehigh 
Gap  and  Little  Gap,  as  well  as  along  the  road  one-half  mile  southwest  of 
Bake  Oven  Knob  in  the  Slatedale  quadrangle  south  of  the  Lehighton 
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quatlrangle.  Good  exposures  are  louiul  at  many  places  between  these 
localities  where  the  nieinber  iornis  dills  and  steep  dip  slopes  on  the  south 
side  ot  Bltie  Mountain.  In  the  southwestern  part  ol  the  Lehighton  cpiad- 
rangie,  the  Weitlers,  repeated  by  faulting,  holds  uj)  narrow  ridges  as 
much  as  50  feet  high  on  top  of  Blue  Mountain. 

Most  conglomerates  in  the  Weiders  are  massice  and  planar  bedded: 
beds  are  as  much  as  3 feet  thick.  I’he  pebbles  and  cobbles  are  subrounded 
to  rounded  and  consist  of  quart/i,  chert,  and  sandstone.  At  Lehigh  Gap 
they  are  as  much  as  ?>  inches  long;  they  are  largest  at  Lehigh  Furnace 
Gap  wdtere  cpiart/  cobbles  are  6.5  inches  long.  At  several  other  localities, 
4-inch  cobbles  are  common.  In  general,  the  rock  breaks  through  the 
pebbles,  except  in  the  basal  2.3  feet  (exjrosed  only  at  Lehigh  Gap)  where 
the  rock  is  leached  of  cement,  weathered  to  moderate  brown  (5YR4/4) 
to  dark-yellowish  orange  (10YR6/6),  and  the  jjebbles  are  easily  removed 
from  the  matrix.  Flattened  mtid  galls  as  much  as  8 inches  long  are  scat- 
tered thronghout  the  member. 

The  pebbles  and  cobbles  in  the  Weiders  give  a direct  chie  to  the  jrossi- 
ble  sotirce  rocks  for  the  .Shawangunk,  so  they  will  be  discussed  in  detail. 
In  general,  vein  cpiartz  is  the  most  abtindant  pebble  type,  especially  in 
the  upper  part  of  the  unit  where  it  makes  tqr  more  than  70  percent  of 
the  pebbles  and  cobbles  longer  than  inch  (Figure  9)  . Near  the  bottom 
of  the  Weiders,  siliceous  sandstone  pebbles  are  abundant  and  make  up 
more  than  70  percent  of  the  pebbles  in  the  basal  bed.  Chert  pebbles 
generally  do  not  exceed  2 inches  in  length  and  make  up  abotit  20  to  50 
percent  of  the  pebbles  throughout  the  Weiders.  Mud  galls  and  shale 
chips  form  less  than  10  percent  of  the  larger  pebbles,  but  argillite  rock 
fragments  less  than  half  of  an  inch  long  may  account  for  as  much  as 
15  percent  of  some  beds.  Polymictic  conglomerates  are  most  common  in 
basal  beds  (Figures  10  and  11). 

The  sandstone  pebbles  are  similar  to  sandstone  beds  in  the  Weiders 
in  that  muscovite  is  abundant  and  most  pebbles  are  protoquartzites 
; (Figure  12).  Quartz  grains  are  generally  angular  to  subrounded  and 
single  crystals  with  undulose  extinction,  although  composite  grains  are 
j abundant.  Overgrowths  are  common,  and  many  grains  have  sutured 
ki  contacts.  Discrete  detrital  chert  grains  were  seen,  and  many  of  the  sand- 
stones  are  cemented  with  chert.  Nonopacjue  heavy  minerals  in  the 
pebbles  are  minor  and  consist  of  euhedral  to  rounded  zircon  and  tourma- 
line and  lath-shaped  muscovite  and  minor  biotite.  Apatite  is  common 
(1  in  one  sample.  The  presence  of  rounded  tourmaline  and  zircon  in  peb- 
bles in  the  Shawangunk  indicates  that  the  Shawangunk  is  a multicycle 
[i  deposit. 

)[  The  shale  pebbles  in  the  Weiders  Member  consist  of  two  types:  I) 
n large  greenish-gray  (5GY6/1)  mud  galls  (Figure  10),  which  are  similar 
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Figure  9.  Percentage  of  pebble  types  (>0.75  in.  long)  in  Weiders  Member  of  the 
Shawangunk  Formation  at  Lehigh  Gap. 


to  in  ter  bedded  shales  and  which  appear  to  have  been  eroded  from  semi- 
consolidated  mndbanks  in  rivers  penecontemporaneously  with  deposition 
of  the  sands  and  gravels  that  make  np  the  Weiders;  and  2)  smaller  frag- 
ments, now  w'eathered  to  shades  of  orange  and  light  brown,  which  were 
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Figure  10.  Polymictic  conglomerate  25  feet  above  base  of  Weiders  Member  at  Lehigh 
Gap,  unit  5 of  section  3,  Epstein  and  Epstein,  1972,  p.  3L^1.  Pebbles  of 
vein  quartz  and  quartzite  (white),  siltstone  (gray),  and  chert  (dark  gray) 
are  generally  rounded  and  as  much  as  3 inches  long.  Metastable  cobbles 
consist  of  shale  pebbles  (mud  galls)  nearly  8 inches  long  (s)  that  are 
flattened  parallel  to  bedding.  These  were  probably  derived  from  slumping 
of  mudbanks  of  streams  (see  section  on  environments  of  deposition) 
rather  than  from  erosion  of  underlying  bedrock  as  the  shale  fragments 
shown  in  Figures  11,13,  and  14. 


derived  from  consolidated  source  rocks  (Figure  13).  1 he  latter  are  of 
particular  interest  because  they  indicate  the  nature  of  some  of  the  source 
beds  and  give  data  on  whether  the  underlying  Alartinsburg  Formation 
was  metamorphosed  to  slate  prior  to  deposition  of  the  Shawangunk 
Formation.  The  sample  shown  in  Figure  13  has  minerals  aligned  parallel 
to  the  length  of  the  pebble,  but  the  alignment  parallels  wdrat  appears  to 
be  bedding.  The  muscovite  does  not  appear  to  have  recrystallized  and 
does  not  have  well-developed  foliation  as  in  underlying  Martinsburg 
slate:  mineral  alignment  in  the  pebble  is  similar  to  fissility  seen  in  thin 
sections  of  unmetamorphosed  and  undeformed  shales  from  other  areas. 
Figure  14  shows  one  pebble  in  which  bedding  is  clearly  seen.  The 
muscovite  in  that  sample  parallels  bedding  fissility. 

The  sand-sized  matrix  of  the  conglomerates  described  above  is  similar 
to  the  quartzites  in  the  Weiders  Member.  These  (juartzites  are  medium- 
dark  gray  (N4)  to  medium-light  gray  (N6)  and  greenish  gray  (5GY6/1), 
generally  medium  to  very  coarse  grained  and  conglomeratic,  and  occur  in 
beds  1 inch  to  6 feet  thick.  They  are  evenly  to  unevenly  bedded;  many 
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Figure  11.  Negative  print  of  thin  section  (crossed  polarizers)  of  polymictic  conglom-  i 
erate  in  basal  2 feet  of  Weiders  Member  of  the  Shawangunk  Formation  at 
Lehigh  Gap.  Unit  2 of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  The  ' 
pebbles  are  angular  to  rounded  and  generally  partly  weathered  and  limo- 
nitic  (post-depositional  weathering)  and  consist  of  micaceous  chert  (a), 
shale  (b)  without  mineral  alignment  attributable  to  slaty  cleavage,  siltstone  j 
(c),  partly  argillaceous  very  fine  grained  sandstone  (d),  medium-  to  very 
coarse  grained  sandstone  (e),  some  of  which  contains  angular  quartz 
grains  (f),  or  are  quartzites  with  interlocking  quartz  grains  (g),  vein  quartz 
(h),  and  a single-crystal  quartz  grain  (i).  The  finer  grains  are  mostly  com- 
posite and  single-crystal  quartz  and  shale.  i 


beds  are  planar.  I'rongli  and  planar  crossbedding  are  common,  and  in  a 
few  places  ripples  with  wavelengths  of  as  much  as  2 feet  are  found.  , 
Limonite  and  hematite  specks  and  sand-sized  grains  of  grayish-orange 
(10YR7/4) -weathering  shale  fragments  are  scattered  throughout  most  , 
beds.  Sorting  is  good  to  poor,  and  many  beds,  especially  the  conglomeratic 
ones,  appear  to  be  bimodal.  Sieve  analysis  of  one  sample  from  a weath- 
ered friable  sandstone  lentil  near  the  Irase  of  the  Weiders  shows  that  it  is 
unimoclal  and  well  sorted  (Figure  L*))  . Lentils  of  quartzite  no  more  than 
a few  feet  long  are  common  in  the  Weiders. 

The  quartzites  increase  in  maturity  toward  the  top  of  the  member,  i 
Lithic  graywacke  at  the  base  of  the  member  (Figures  16-18)  grades  up 
into  siliceous  protoquartzite  (Figure  19)  and  rare  orthotjuartzite  (Figure 
20)  with  progressive  decrease  in  finer  grained  matrix  minerals.  Durable  | 
grains  of  cjuartz,  chert,  and  cjuartzite  make  up  47  to  about  85  percent 
of  these  rocks,  except  in  rare  orthocjuartzite  where  they  make  up  more 
than  95  percent.  Quartz  generally  occurs  as  single  grains  with  slight 
to  strongly  undulose  extinction.  Composite  vein  quartz  and  quartzite  are 
less  common.  Quartz  containing  vermicular  chlorite  inclusions  (charac- 
teristic of  vein  quartz)  and  bubble  trains  was  seen  in  all  thin  sections. 
The  matrix  minerals  are  generally  silt-sized  quartz  and  muscovite  with 
a smaller  amount  of  chlorite  and  lesser  biotite.  They  form  about  9 to  37 
percent  of  most  rocks.  Feldspar  was  not  seen. 
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Figure  12.  Photomicrographs  (crossed  polarizers)  of  pebbles  in  the  basal  2 feet  of  the 
Welders  Member  of  the  Shawangunk  Formation,  Lehigh  Gap,  unit  2 of 
section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  A.  Poorly  sorted  medium- 
to  coarse-grained  protoquartzite  consisting  predominantly  of  angular  to 
subrounded  single-crystal  quartz  (q)  with  undulose  extinction  and  lesser 
biotite  (b)  partly  altered  to  chlorite  and  chert  (c).  The  matrix  (m)  consists 
of  finer  quartz,  muscovite,  and  minor  biotite,  and  makes  up  about  13  percent 
of  the  sample.  B.  Coarse  siltstone  to  fine-grained  sandstone  made  up  of 
subangular  to  subrounded  quartz  (q)  and  minor  chert  (c)  and  lath-shaped 
muscovite  (m)  embedded  in  chert  cement.  Fine  wisps  of  muscovite  are 
aligned  parallel  to  bedding  (So). 
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Figure  13. 


13  14  j 

Polished  section  of  shale  pebble  in  basal  few  inches  of  the  Weiders  Mem-  j 
ber,  Lehigh  Gap,  unit  2 of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  ‘ 

The  polished  section  is  outlined  by  dots;  the  top  is  outlined  by  dashes.  I 
In  thin  section,  the  micas  are  parallel  to  the  flat  sides  of  the  pebble  which  I 
appear  to  be  bedding  planes,  not  cleavage,  but  the  rock  is  too  weathered  i 
to  be  sure  of  this.  (Compare  with  Figure  14.)  The  pebble  contains  a quartz  | 
vein  (arrow)  showing  that  it  was  indurated  prior  to  deposition  in  the  j 
Shawangunk.  I 


Figure  14.  Photomicrograph  (crossed  polarizers)  of  part  of  a rock  fragment  (outlined 
with  dashes)  showing  bedding  plane  (dotted)  separating  siltstone  (st)  from 
shale  and  alignment  of  small  detrital  mica  grains  in  shale  parallel  to  bed- 
ding. Quartz  vein  in  pebble  (arrows)  that  does  not  extend  into  surrounding 
rock  shows  that  the  pebble  was  indurated  prior  to  deposition. 


The  rock  tragments  are  mostly  shale  and  lesser  siltstone.  Mineral  I 
orientation  is  generally  poor  (Figure  16),  and  only  a few  grains  have  a i 
foliation  that  could  be  a secondary  cleavage  imposed  in  the  source  rocks  i 
prior  to  deposition.  \ 

Fleavy  minerals  in  the  quartzites  are  chiefly  muscovite  and  rounded  to  j 
euhedral  zircon  and  tourmaline.  Biotite  is  relatively  sparse,  and  only  1 
one  grain  of  hornblende  was  seen  (Figure  17).  Slightly  pleochroic  light-  ■ 
green  spherulitic  chlorite  fills  pore  spaces  in  several  samples.  5 

Interbedded  with  the  quartzite  and  conglomerate  are  beds  of  greenish- 
gray  (5GY6/1)  argillite  (indurated  siltstone  and  claystone)  . They  are 
lenticular  and  generally  between  0.5  and  7 inches  thick,  although  a 2-foot- 
thick  bed  is  present  at  Lehigh  Gap.  These  argillites  are  not  abundant 
and  make  up  less  than  3 percent  of  the  Weiders.  They  are  similar  to  the 
greenish-gray  mud  clasts  in  the  coarser  beds.  X-ray  diffraction  analyses 
show  that  the  approximate  average  composition  in  the  shale  pebbles  and 
bed  is  quartz  (30  percent),  muscovite  (55  percent) , and  chlorite  (15  per- 
cent). The  chlorite  content  is  generally  lower  than  in  most  samples  of  ] 
slate  from  the  Martinsburg  Formation.  I 
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DIAMETER.  IN  MILLIMETERS 

Figure  15.  Histogram  and  cumulative  curve  for  4-inch-thick  weathered  friable  sand- 
stone lens  in  basal  2 feet  of  Welders  Member  at  Lehigh  Gap,  unit  2, 
section  3,  Epstein  and  Epstein,  1972,  p.  31^1.  Silt  and  clay  are  averaged 
through  six  classes.  The  sample  contains  78.3  percent  sand,  20.3  percent 
silt  and  clay,  and  1.4  percent  granules.  Sorting  is  good  (Su  = 2.02;  square 
root  of  first  and  third  quartiles),  arithmetic  mean  of  the  diameter  distribu- 
tion is  0.35  mm,  arithmetic  standard  deviation  is  0.6.  The  rock  is  a lithic 
graywacke  (see  Figure  17). 

Minsi  Member 

Epstein  and  Epstein  (1972)  named  the  Minsi  Member  lor  quart/ite 
and  conglomeratic  quartzite  near  Mt.  Minsi,  .Monroe  Oounty,  Pennsyl- 
vania. The  type  section  is  along  U..S.  Interstate  80  in  Delaware  Water 
Gap,  Warren  County,  New  Jersey,  where  the  member  is  about  ,S0() 
feet  thick. 

In  the  Lehighton  and  Palmerton  tpiadrangles,  the  Minsi  Member  is 
similar  to  the  rocks  in  the  type  section  and  consists  of  very  light  gray 
(N8)  to  medium-dark-gray  (N4)  and  light-olive-gray  (5Y6/1)  to  greenish- 
gray  (5GY6/1),  limonitic,  fine-  to  very  coarse  grained,  but  generally 
medium-grained,  planar-bedded  and  crossbedded  conglomeratic  quartzite 
(Eigure  21)  . Bedding  is  generally  uneven  and  rippled  in  places.  Arthro- 
phycus  is  rare.  Pebbles  consist  of  subangular  to  rounded  quartz  and  lesser 
chert.  These  are  less  than  2 inches  and  generally  between  and  1 inch 
in  diameter.  Beds  are  1 inch  to  2.5  feet  thick. 

Medium-dark-gray  (N4)  and  light-greenish-gray  (,pGY8/l)  to  greenish- 
gray  (5GY6/1)  argillite  (mainly  silty  shale)  beds,  0.5  to  3 inches  thick, 
are  scattered  in  the  Minsi.  Flattened  mud  clasts  of  similar  lithology,  as 


Figure  16.  Photomicrograph  (crossed  polarizers)  of  medium-grained  lithic  graywacke  i 
from  base  of  Weiders  Member  at  Lehigh  Gap,  unit  2 of  section  3,  Epstein 
and  Epstein,  1972,  p.  31-41.  Quartz  grains  (q,  25  percent)  are  angular  to 
subrounded,  generally  single  crystal,  with  undulose  extinction  and  some 
with  vermicular  chlorite.  Rock  fragments  (r,  30  percent)  are  rounded  to 
subangular  shale  and  minor  siltstone.  Mineral  orientation  is  poor  to  fair, 
and  where  present  is  ascribed  to  fissility,  not  to  secondary  foliation.  Chert 
(c,  2 percent)  is  generally  subangular.  These  grains  float  in  a matrix  (37 
percent)  of  clay-sized  limonite  and  silt-sized  quartz  and  muscovite.  Opal 
(o)  forms  a pore  filling  in  6 percent  of  the  sample. 


17 


21) 


igure  18.  Photomicrograph  (plane-polarized  light)  of  medium-  to  coarse-grained 
lithic  graywacke  from  about  5 feet  above  base  of  the  Weiders  Member  of 
the  Shawangunk  Formation,  Lehigh  Gap,  unit  3 of  section  3,  Epstein  and 
Epstein,  1972,  p.  31-41.  Sample  1 in  Table  2 is  a chemical  analysis  of  this 
rock.  Quartz  (q,  47  percent)  is  subangular  to  subrounded,  has  straight 
to  slightly  undulose  extinction,  is  mainly  single-crystal  grains,  and  some 
grains  have  vermicular  chlorite  inclusions.  Very  fine  to  medium-grained 
micaceous  quartzite  (2  percent)  and  chlorite  (c,  5 percent)  make  up  the 
remainder  of  the  durable  sand  fraction.  Shale  (r)  and  fewer  siltstone  rock 
fragments  and  rare  sand-sized  muscovite  and  biotite  grains  constitute 
about  18  percent  of  the  rock.  The  matrix  (about  28  percent)  consists  of 
muscovite,  quartz,  and  subordinate  chlorite  and  biotite.  Uncommon  light- 
green  slightly  pleochroic  spherulitic  chlorite  (ch)  fills  some  pore  space. 
Cleavage  (Sj)  is  fairly  well  developed,  and  cleavage  folia  (see  section  on 
structural  geology)  cut  a few  of  the  shale  rock  fragments  (at  1,  for  ex- 
ample). Quartz  grains  have  hackly  terminations,  and  quartz  and  muscovite 
have  grown  in  pressure-shadow  areas  (at  2).  Many  shale  fragments  have 
contributed  mineral  grains  to  the  cleavage  folia  and  consequently  have 
diffuse  outlines  (3). 


igure  17.  Photomicrograph  (crossed  polarizers)  of  limonitic  medium-grained  lithic 
graywacke  from  weathered  sandstone  lens  in  basal  bed  of  Weiders  Mem- 
ber, Lehigh  Gap,  unit  2 of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41. 
Quartz  (q,  68  percent)  is  angular  to  subrounded,  has  straight  to  strongly 
undulose  extinction,  and  has  interlocking  contacts  (at  1)  or  silica  over- 
growths (at  2).  Rounded  to  subangular  chert  and  cherty  shale  (s)  make  up 
2 percent  of  the  rock.  Biotite  (b,  2 percent)  is  common.  Rounded  to  sub- 
angular shale  and  siltstone  fragments,  not  seen  in  this  field,  make  up  1 
percent  of  the  rock.  Matrix  minerals  (m,  27  percent)  are  composed  of  silt- 
sized quartz,  muscovite,  biotite,  and  possibly  chlorite.  Light-  to  medium- 
green  subrounded  tourmaline  (t)  is  scattered  throughout.  The  only  grain 
of  hornblende  (H)  seen  in  all  rocks  examined  at  Lehigh  Gap  is  present  in 
this  thin  section.  The  rock  is  moderately  sorted  (see  Figure  15). 
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Figure  19.  Photomicrograph  (crossed  polarizers)  of  protoquartzite  in  Weiders  Mem- 
ber, unit  9 of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41,  approximately 
68  feet  above  base  of  member,  Lebigh  Gap.  Tbe  rock  consists  of  quartz 
(q,  about  75  percent),  quartzite  and  cbert  (c,  about  10  percent),  and  rock 
fragments  of  shale  and  cherty  shale  (r,  about  3 percent),  in  a fine-grained 
matrix  of  muscovite,  quartz,  and  chlorite  (about  12  percent).  Light-green 
spherulitic  chlorite  (ch)  occurs  as  a pore  filling.  Quartz  grains  have  rare 
silica  overgrowths  (arrow)  and  occasional  vermicular  chlorite  inclusions 
(vc),  and  one  grain  contains  a small  zircon  (z).  Note  penetrating  contacts 
between  quartz  grains  and  large  cherty  shale  rock  fragments  in  lower  left. 

Figure  20.  Photomicrograph  (crossed  polarizers)  of  well-sorted  medium-grained 
orthoquartzite  composed  of  97  percent  quartz,  generally  with  interlocking 
contacts,  but  with  a few  overgrowths  (arrows).  A thin  film  of  muscovite  and 
chlorite  rims  the  grains.  Rare  shale  fragments  (r),  chert,  and  generally  ( 
rounded  zircon  (z)  and  tourmaline  (t)  make  up  the  remainder  of  the  rock.  j 
Rock  from  approximately  1 1 0 feet  above  tbe  base  of  tbe  Weiders  Member,  ' 
Lehigh  Gap,  unit  10  of  section  3,  Epstein  and  Epstein,  1972,  p.  31^1 . 

much  as  7 inches  long,  are  common  in  tlie  (juart/ites  (Figure  22)  . The 
argillite  makes  up  less  than  2 percent  ot  the  total  rock  in  the  member. 

The  Minsi  Member  is  22.6  leet  thick  at  Lehigh  Gap  (section  3,  Epstein 
and  Epstein,  1972,  p.  31-41)  and  at  least  140  feet  thick  near  Bake  Oven 
Knob  (section  4,  Epstein  and  Epstein,  1972,  p.  42).  It  extends  for  many 
miles  southwest  of  Bake  Oven  Ktiob,  probably  to  and  beyond  Schuylkill 
Gap  where  it  was  mapped  as  the  Tuscarora  Sandstone  by  Wood  and  [ 
others  (1969).  1 

Most  of  the  sandstones  or  cpiartzites  of  the  Minsi  Member  are  sub- 
mature—protocpiart/ites  are  the  most  common  type  (Eigure  23).  Earther 
east,  at  Delaware  Water  Gap,  they  contain  enough  potash  feldspar  to  be 
cla.ssed  as  feldspathic  sandstones.  A finer  matrix  may  be  more  abundant 
in  some  rocks,  and  these  grade  into  graywackes  and  siltstones  (Eigure 
24).  These  rocks,  however,  are  not  as  abundant  as  the  protoquartzites. 

The  quartz  grains  are  generally  sutured  where  they  are  in  contact  but 
.some  have  silica  overgrowths.  .Single  grains  are  most  common,  but  many 
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Figure  21.  Crossbedded  and  planar-bedded  quartzite  and  conglomeratic  quartzite 
containing  quartz,  and  chert  pebbles  not  more  than  three-fourths  of  an  inch 
long  in  the  Minsi  Member  of  the  Shawangunk  Formation,  Lehigh  Gap. 
Unit  17  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41. 


are  conij^osite.  The  nono])atjue  hea\  y-niinei al  suite  is  mature  ami  in- 
titules nuiscot  ite  and  well-rountled  to  subhedral  /irtou  and  toinmaline. 

The  upper  contact  ol  the  Minsi  Member  is  jrlaccd  at  the  base  ol  the 
lowest  shale  or  siltstone  in  tlie  interbedded  tpiart/itc  and  argillite  secpience 
that  cliaracteri/cs  the  overlying  I.i/ard  (heek  .Member.  I Ins  boundary  is 
generally  covered  and  is  probably  transitional  through  several  tens  ol  Icet. 

Lizard  Creek  Member 

■Siltstone,  shale,  sandstone,  and  scattered  red  betls,  conglomeratic  and 
calcareoits  sandstone,  and  other  lithic  tyjres  between  the  .Minsi  .Membei 
of  the  .Shawangunk  Formation  and  the  Blootnsbmg  Red  Beds  were  in- 
cluded in  the  Cdinton  F'ormation  by  most  previous  workers  in  eastern 
Pennsylvania.  Fhis  usage  originated  with  Swartz  and  .Swartz  (1931)  who 
defined  the  Clinton  Group  as  consisting  ol,  in  ascending  order,  the  Rose 
Hill  Formation,  the  Keefer  Sandstotie  Mendrer  at  the  base  ol  the  Roches- 
ter, and  the  Rochester  Formation.  The  Clinton  Grottp  was  traced  to 
Swatara  Gap,  30  miles  southwest  of  Bake  Oven  Knob,  by  Swartz  and 
.Swartz  (1931).  Northeast  of  Swatara  Gajr,  the  components  of  the  gioup 
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Figure  22.  Shale  clasts  (flattened  mud  balls)  as  much  as  7 inches  long  in  quartzite 
float  boulder  in  the  Minsi  Member  at  Lehigh  Gap. 

were  not  recogni/altle,  anrl  .Swartz  and  SwMrtz  designated  the  unit  the 
Clinton  Formation.  Becairse  tlie  tripartite  subdivision  of  these  rocks 
(a  preretjuisite  for  calling  them  Clinton  according  to  current  practice  of 
the  Pennsyhania  Geological  Survey)  cannot  be  recognized  in  the  Lehigh 
Gap  area,  and  foi  other  reasons,  Epstein  and  Epstein  (1972)  abandoned 
the  name  Clinton  and  named  these  rocks  the  Lizard  Creek  Member  of 
the  Shawangnnk  F’ormation. 

d'he  type  section  of  the  Lizard  Creek  Member  is  at  Lehigh  Gap  in  the 
Palmerton  (piadrangle  (section  3,  Epstein  and  Epstein,  1972,  p.  31-41). 
The  member  was  named  for  Lizard  Creek,  3 miles  west  of  Lehigh  Gap. 

At  the  type  section,  the  Lizard  Creek  is  1,225  feet  thick.  .Schnchert 
(1916)  believed  that  the  member  (his  “Upper  Shawangnnk”)  is  900  feet 
thick  at  Lehigh  Gap,  and  .Swartz  and  .Swartz  (1931)  measured  1,093  feet 
for  their  eqnivalent  Clinton.  The  Lizard  Creek  thins  rapidly  east  of  the 
Palmerton  tpiadrangle  because  the  upper  part  coarsens  and  is  replaced 
by  the  Tammany  Member  of  the  Shaw'angnnk  Eormation  (Eigure  7)  . 

The  Lizard  Creek  Member  is  characterized  by  interbedded  sandstone, 
siltstone,  and  silty  shale  (Eignre  25)  . It  is  gradational  into  the  under- 
lying Minsi  Member  but  is  readily  separated  from  it  by  the  abundant 
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Figure  23.  Photomicrograph  (crossed  polarizers)  of  moderately  sorted  conglomeratic 
medium-  to  coarse-grained  protoquartzite  in  Minsi  Member,  about  400 
feet  above  base  of  the  Shawangunk  Formation  at  Lehigh  Gap,  unit  21  of 
section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  Quartz  (q,  generally  sub- 
angular  single  crystal,  with  undulose  extinction,  but  some  grains  composite 
with  strongly  undulose  extinction)  and  minor  chert  (c)  and  quartzite  make 
up  86  percent  of  the  rock,  and  along  with  rock  fragments  (r,  mostly  shale, 
less  than  1 percent)  and  scattered  rounded  to  subhedral  zircon  (z),  rare 
tourmaline  (t),  leucoxene,  and  limonite  are  in  a silt-  to  very  fine  sand- 
sized matrix  of  muscovite,  quartz,  and  lesser  chlorite  (14  percent). 


medium-  to  dark-gray  siltstone  and  shale.  The  upper  contact  ot  the  Lizard 
Creek  is  placed  at  the  base  of  the  lowest  red  bed  of  the  dominantly  red 
sequence  of  the  overlying  Bloomsburg  Red  Beds.  The  Bloomsburg  and 
Lizard  Creek  are  transitional  through  162  feet  of  red,  green,  and  gray 
sandstone,  siltstone,  and  minor  shale  at  Lehigh  Gap. 

The  sandstones  in  the  Lizard  Creek  are  generally  fine  to  medium 
grained,  but  range  from  very  fine  to  very  coarse  grained.  Locally,  they  are 
silty  or  conglomeratic,  containing  cjuartz  pebbles  as  much  as  0.5  inch 
long.  Sorting  is  fair  to  good.  Most  sandstones  are  limonitic,  a few  have 
carbonate  cement,  others  have  chlorite  pore  fillings,  and  some  contain 
rare  specks  of  graphite  about  2 mm  in  diameter.  They  are  evenly  to 
unevenly  bedded,  laminated  to  thick  bedded  (some  beds  are  as  mtich  as 
8 feet  thick),  and  are  also  lenticular.  Many  thin  lenticular  beds  are  cross- 
laminated  (flaser  bedded,  Figure  26)  . The  sandstones  are  planar  bedded 
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Figure  24.  Photomicrograph  (crossed  polarizers)  of  unevenly  laminated  fine-  to 
medium-grained  silty  sandstone  (lithic  graywacke)  and  siltstone,  about 
270  feet  above  base  of  the  Shawangunk  Formation  in  the  Minsi  Member 
at  Lehigh  Gap,  unit  17  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41. 
Siltstone  laminae  extend  from  upper  right  to  lower  left.  Cleavage  (Si)  is  at 
an  angle  of  about  20°  to  bedding.  Quartz  (q)  is  generally  angular,  single 
crystal,  and  has  straight  to  undulose  extinction.  Many  quartz  grains  are 
elongated  parallel  to  cleavage  (as  at  arrow)  because  of  pressure  solution. 
Chert  (c)  is  subrounded  to  subangular.  Rock  fragments  (r),  mostly  shale, 
are  uncommon,  as  are  euhedral  to  rounded  zircon  (z)  and  tourmaline.  The 
silt  matrix  and  laminae  are  made  up  mostly  of  quartz,  muscovite,  and 
chlorite. 


to  crossbedded,  and  many  are  rippled.  Both  irongh  and  planar  crossbeds 
are  common.  Crossbed  sets  range  from  less  than  0..5  inch  to  more  than  2 
feet  in  thickness.  The  sandstones  are  in  sharp  to  gradational  contact  with 
beds  above  and  below.  Many  basal  surfaces  are  filled  channels  of  low 
relief  (Figure  27).  Colors  on  fresh  surfaces  are  dark  gray  (N3)  to  very 
light  gray  (N8),  light-gieenish  gray  (5GY8/1)  to  dark-greenish  gray 
(5GY4/1)  , and,  to  a lesser  extent,  very  light  bluish  white  (5B8/1)  to 
bluish  gray  (5B6/1)  . I'hey  weather  to  shades  of  giay,  brown,  ancf  orange. 
Other  red  sandstones  are  described  later  in  this  section.  Thin  shale 
intercalations  and  medium-dark-giay  (N4)  to  medium-gray  (N5)  and 
greenish-giay  (5GY6/1)  flat  shale  and  siltstone  clasts  (clay  galls)  as  much 
as  4 inches  long  are  numerous. 
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Figure  25.  Evenly  bedded  siltstone,  shale,  and  quartzite  in  the  Lizard  Creek  Member 
of  the  Shawangunk  Formation  in  roadcut  along  Pa.  Route  248,  Lehigh  Gap, 
just  north  of  Aquashicola  Creek.  Thickest  quartzite  bed  is  about  1.5 
feet  thick. 


Figure  26.  Ripple  lensing  (flaser  bedding)  showing  oblique  bedding  in  rippled  very 
fine  grained  sandstone  lenses  surrounded  by  shale  laminae.  Lizard  Creek 
Member  of  the  Shawangunk  Formation,  unit  66  of  section  3,  Epstein  and 
Epstein,  1972,  p.  31^1.  Stratigraphic  top  is  up.  Cross  laminae  dip  to 
northwest  i left).  Note  circular  burrow  and  load  casts  at  base  of  many  sand- 
stone lenses.  Figure  40  is  a photomicrograph  of  the  rock.  Negative  print  of 
acetate  peel. 
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Figure  27.  Low-relief  channel  (arrow)  in  medium-grained,  crossbedded  quartzite  in  j 
the  upper  part  of  the  Lizard  Creek  Member,  unit  71  of  section  3,  Epstein  | 
and  Epstein,  1972,  p.  31-41.  Bed  is  3.5  feet  thick  at  bottom.  Note  beveling  ! 
of  siltstone  unit  below.  These  beds  are  probably  part  of  a tongue  of  the 
Tammany  Member  extending  into  the  Lehigh  Gap  area  (see  Figure  7). 


The  sandstones  in  the  Lizard  Creek  Member  have  a wide  range  of 
maturity  as  expressed  by  the  percentage  of  matrix.  They  range  from 
orthocpiartzite  (Figures  28  and  29)  through  protoquartzite  (Figure  30), 
to  subgraywacke  (Figure  31)  and  lithic  graywacke  (Figure  32).  Sorting 
is  poor  to  excellent,  and,  in  general,  the  sandstones  are  better  sorted  and 
grains  more  rotmded  in  the  orthocpiartzites  and  protoquartzites.  Quartz 
ranges  from  more  than  95  percent  to  less  than  50  percent  of  the  sand 
fraction  of  the  sandstones.  Sample  2,  Table  2,  is  the  chemical  analysis 
of  a typical  orthoquartzite  shown  in  Figure  29.  Most  qtiartz  occurs  as 
single  grains  having  undulose  extinction,  although  most  thin  sections 
examined  contain  scattered  composite  grains  that  may  have  been  derived 
from  pre-existing  quartzite.  Chert  is  ubiquitous,  rare  in  some  sandstones, 
but  forming  as  much  as  5 percent  of  others.  Where  quartz  grains  are  in 
contact,  their  borders  are  sutured.  Quartz  overgrowths  are  common  in 
most  samples.  Besides  the  silica  cement,  limonite  and  hematite  also 
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Figure  28.  Photomicrograph  (crossed  polarizers)  of  well-sorted  medium-grained 
orthoquartzite  in  Lizard  Creek  Member  of  Shawangunk  Formation,  Lehigh 
Gap,  unit  69  of  section  3,  Epstein  and  Epstein,  1972,  p.  31  ^1.  The  rock 
consists  predominantly  of  well-rounded  to  subrounded  quartz  grains,  most 
of  which  have  a thin  rim  of  chlorite  (dark  bands)  and  many  of  which  have 
silica  overgrowths  (arrows)  that  formed  after  the  chlorite.  Later  stage 
sparry  calcite  cement  (Ca)  fills  some  pore  space.  Note  well-rounded 
tourmaline  (t). 

Figure  29.  Photomicrograph  (crossed  polarizers)  of  fine-  to  medium-grained  well- 
sorted  orthoquartzite  in  the  Lizard  Creek  Member  of  the  Shawangunk 
Formation,  Lehigh  Gap,  unit  43  of  section  3,  Epstein  and  Epstein,  1972,  p. 
31^1.  Quartz  grains  predominate,  most  of  which  have  silica  overgrowths. 
M inor  chert  and  muscovite  are  also  present,  as  well  as  zircon,  tourmaline, 
leucoxene,  limonite  and  lesser  rutile.  Chemical  analysis  of  this  sample 
shows  that  it  is  made  up  of  more  than  92  percent  silica  (Table  2,  sample  2). 

Figure  30.  Photomicrograph  (crossed  polarizers)  of  granular  medium-grained  proto- 
quartzite, Lizard  Creek  Member  of  the  Shawangunk  Formation,  Lehigh 
Gap,  unit  50  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  Quartz 
(q,  83  percent)  is  angular  to  subrounded  with  interlocking  contacts,  but  a 
few  grains  have  quartz  overgrowths  (arrow).  Chert  (c,  4 percent),  shale 
fragments  (r)  and  muscovite  (3  percent),  and  rare  biotite  (b)  and  chlorite 
make  up  the  rest  of  the  framework  grains.  The  matrix  (10  percent)  consists 
of  silt-sized  muscovite,  quartz,  and  minor  chlorite. 
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Figure  31.  Photomicrograph  (crossed  polarizers)  of  finely  bedded  very  fine  grained 
calcareous  subgraywacke  and  silty  shale,  Lizard  Creek  Member  of  the 
Shawangunk  Formation,  Lehigh  Gap,  unit  66  of  section  3,  Epstein  and 
Epstein,  1972,  p.  31-41.  The  sandstone  is  made  up  of  subangular  to  sub- 
rounded quartz  (73  percent)  which  occurs  as  single  grains  and  lesser  semi- 
composite grains,  and  which  has  undulose  extinction,  interlocking  grain 
borders,  and  some  silica  overgrowths  (at  2);  muscovite  (m,  3 percent); 
rounded  to  subrounded  partly  chloritized  shale  (2  percent) ; rare  light-green 
chlorite,  locally  intergrown  with  muscovite  (cm);  scattered  subhedral  to 
rounded  zircon,  tourmaline,  leucoxene,  and  rutile;  and  calcite  (Ca,  11 
percent)  which  occurs  as  pore  filling  and  replacements  of  quartz  and  which 
may  be  ankeritic,  judging  from  limonite  stains.  These  grains  are  in  a 
matrix  (4  percent)  of  finer  muscovite  and  quartz.  The  shale  contains  silt- 
sized quartz,  muscovite,  and  minor  chert,  and  finer  muscovite,  quartz,  and 
chlorite.  In  general,  elongate  quartz  and  muscovite  parallel  bedding,  but  are 
crinkled  in  places  by  slip  cleavage  (So)  which  also  cuts  an  earlier  cleavage 
(Si)  that  is  not  readily  apparent  in  this  orientation  in  the  thin  section. 
Note  at  1 the  partial  replacement  of  quartz  grains  along  bedding  surface 
in  shale  that  is  crenulated  by  slip  cleavage. 


coat  many  ol  tlie  grains.  Jn  several  samples,  pore  spaces  are  filled  with 
sparry  calcite,  which  also  leplaces  tpiartz  (Figures  28  and  31),  and 
light-green  spherulitic  chlorite  (Figure  33).  Sand-sized  muscovite  grains 
are  common,  and  hiotite  grains,  partly  altered  to  chlorite,  were  seen  in 
many  samples.  Rock  fragments,  mostly  shale  and  siltstone,  are  locally 
absent  but  make  ujr  as  much  as  3 percent  of  some  beds. 
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Figure  32.  Photomicrograph  (crossed  polarizers)  of  fine-  to  medium-grained  lithic 
graywacke,  Lizard  Creek  Member,  Shawangunk  Formation,  unit  53  of 
section  3,  Epstein  and  Epstein,  1972,  p.  31^1.  The  rock  is  fairly  well 
sorted  and  consists  of  angular  to  subangular  single-grain  and  lesser  semi- 
composite quartz  iq,  70  percent)  having  undulose  extinction  and  occasional 
silica  overgrowths ; chert  (4  percent) ; biotite,  partly  altered  to  chlorite,  and 
spherulitic  chlorite  ich)  filling  pore  spaces  i5  percent);  muscovite  im,  2 
percent) ; and  rock  fragments  i r,  chloritic  shale,  1 percent),  in  a muscovite- 
quartz  matrix  (18  percent). 


.Matrix  minerals  in  the  sandstones  are  mostlv  silt-  and  clav-si/cd  inns- 
co\'ite  and  (juart/,  with  subordinate  thloiite.  1 hes  range  in  ahund.mcc 
'.  from  thin  coatings  on  larger  detrital  grains  to  more  than  half  the  rock. 

The  nonopatjue  hea\ y-mineral  suite  torms  as  much  as  2 percent  ot 
some  rocks  and  is  dominated  by  lotinded  to  stibrounded  zircon  and 
)j  tourmaline  (Figure  31),  but  some  euhedral  grains  are  present.  Rutile  is 
i.jiare;  muscovite,  biotite,  chlorite,  leucoxene,  limonite,  black  opatpte  min- 
J erals  (probably  magnetite)  , and  hematite  are  common,  d'he  limonite 
iijand  hematite  are  mosth’  alteration  protlucts  of  iron-bearing  minerals  such 
iias  chlorite  and  biotite. 

i Beds  of  finer  clastic  locks  in  the  Lizard  Creek  are  shaly  and  s:mdy 
siltstones  and  silty  shale  comjtoscd  mostly  of  muscocite,  cpiartz,  and 
chlorite  (Figure  35).  Silt-  and  sand-sized  grains  of  mica  are  common 
on  bedding  planes.  The  siltstones  and  shales  are  medium-dark  gray  (N4) 
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Figure  33.  Photomicrograph  (plane-polarized  light)  of  protoquartzite,  approaching 
orthoquartzite  in  composition,  made  up  of  subrounded  to  subangular  quartz 
with  green,  pleochroic,  spherulitic  chlorite  filling  most  pore  space.  Chert 
(c)  and  siltstone  rock  fragments  (r)  are  not  abundant.  Muscovite  is  scat- 
tered throughout.  Sample  is  from  irregularly  laminated  sandstone  and 
siltstone,  unit  68  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41,  Lizard 
Creek  Member  of  the  Shawangunk  Formation,  Lehigh  Gap. 


Figure  34.  Photomicrograph  (plane-polarized  light)  showing  heavy  minerals  concen- 
trated in  lamina  in  laminated  to  slightly  cross  laminated  fine-grained 
protoquartzite.  Lizard  Creek  Member  of  the  Shawangunk  Formation, 
Lehigh  Gap,  unit  28  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  The 
heavy  minerals  are  dominated  by  subrounded  to  rounded  zircon  (Z),  one 
rounded  grain  of  which  has  a euhedral  authigenic  overgrowth  (at  1).  Other 
heavies  are  subrounded  to  fractured  tourmaline  (T),  subrounded  rutile  (R), 
angular  to  subrounded  leucoxene  (dark  grains),  and  flakes  of  partly 
chloritized  biotite  (B)  and  muscovite  (not  apparent  in  photograph).  The  rock 
is  composed  of  quartz  and  lesser  chert  (83  percent),  shale  fragments  (less 
than  1 percent),  heavy  minerals  (about  2 percent),  and  a matrix  of 
muscovite,  quartz,  and  chlorite  (about  14  percent). 
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Figure  35.  Photomicrograph  (crossed  polarizers)  of  laminated  shaly  coarse  siltstone 
to  very  fine  grained  sandstone  composed  mainly  of  angular  single-grain 
quartz  (q)  with  slightly  to  strongly  undulose  extinction  and  muscovite  (m) 
and  less  abundant  chlorite  with  minor  biotite  (b),  partly  altered  to  chlorite 
and  rounded  to  subhedral  zircon  (z)  and  tourmaline  (t).  Muscovite  mostly 
parallels  cleavage  (Si)  which  is  at  an  angle  of  about  15°  to  bedding  (So). 
Lizard  Creek  Member  of  the  Shawangunk  Formation,  Lehigh  Gap,  unit  27 
of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41. 

to  medium-light  giay  (N6)  , light-olive  gray  (5Y6/1)  to  medium-olive 
gray  (5Y5/1),  greenish  gray  (5GY6/1)  to  dark -greenish  gray  (5GY4/1), 
and  light  olive  (10Y5/2)  on  tresh  surfaces,  as  well  as  the  colors  of  the 
red  beds  described  later  in  this  section.  They  weather  to  various  shades 
of  gray,  green,  orange,  brown,  and  j)ink.  Betls  range  in  thickness  from 
less  than  inch  to  about  6 feet.  They  are  indistinctly  bedded  to  lami- 
nated. Many  are  irregularly  laminated,  lenticular,  cross  laminated  and 
ffaser  bedded,  and  have  small-scale  scour-and-fill  structures.  Subordinate 
lenses  of  very  fine  to  medium-grained  sandstone  are  common  (Figure  26)  . 
Olive-gTay  shales  are  abundant  above  the  lower  150  feet  of  the  Lizard 
Creek  Member  at  Lehigh  Gap.  Most  of  these  are  unevenly  laminated  to 
flaser  bedded.  Olive-gray  shale  is  less  abundant  east  of  I,ehigh  Gap  and 
absent  at  Wind  Gap,  1 1 miles  east  of  the  Palmerton  quadrangle.  Bedding 
in  many  siltstones  and  shales  was  disrupted  by  the  activity  of  organisms, 
and  these  rocks  are  burrow  mottled  (see  Epstein  and  Epstein,  1972, 
Figure  16).  Discrete  burrows  are  generally  circular,  0.25-0.5  inch  in 
diameter,  and  filled  with  sand  (Figure  26)  . They  may  be  perpendicular 
or  parallel  to  bedding. 

I 
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As  determined  l)y  scniicjuantitaiive  X-ray  analysis,  the  shales  and  silt- 
stones  in  the  Li/ard  Creek  are  made  np  predominantly  of  mica  (mostly 
muscovite  and  lesser  biotite,  average  46  percent)  , quartz  (average  44  per- 
cent) , and  chlorite  (average  10  percent).  Feldspar  forms  less  than  1 per- 
cent of  all  samples  and  apparently  is  confined  to  the  finer  siltstones  and 
shales,  because  none  was  itlentified  in  coarser  grained  rocks.  Table  3 lists 
the  rocks  types  and  X-ray  analyses. 

Red-bed  intervals,  consisting  of  sandstone,  siltstone,  and  shale  and  not 
more  than  7 feet  thick,  are  scattered  throughout  the  Lizard  Creek  Mem- 
ber of  the  Shawangunk  Formation  (Figure  7)  . They  do  not  extend  very 


Tables.  Semiquantitative  X-ray  Diffraction  Analyses  of  Shales  and 
Siltstones  In  the  Lizard  Creek  Member  of  the  Shawangunk  Formation, 

Lehigh  Gap 

■Sample  numbers  are  from  corresponding  unit  in  section  3,  Epstein  and  Epstein,  1972, 
p.  31-41.  Analytical  technique  is  from  O'Neill  and  others  (1965)  with  the  limits  of 
accuracy  they  suggest.  Most  figures  are  probably  accurate  within  5 to  10  percent, 
although  the  larger  figures  may  be  off  by  15  percent. 


Sample 

no. 

Rock  type 

Muscovite 

Quartz 

(Perce 

Chlorite 

nt) 

Peldspar 

23 

Medium-gray  (N5)  shaly  siltstone 

48 

51 

<1 

25 

Medium-gray  (N5)  silty  shale 

51 

44 

5 

28 

Light-olive-gray  (55'6  1)  shaly 
siltstone 

71 

24 

4 

1 

33 

Burrow- mottled  light-olive-gray 
(5Yti  1 ) silty  shale 

47 

37 

15 

< 1 

35 

Laminated  light-olive-gray 
(5Yt)  1)  silty  shale 

47 

34 

18 

< 1 

39 

Light-olive  (l()Y.5/2)  shale 

38 

42 

19 

<1 

43 

Greenish-gray  (5G5'6  1),  pale- 
yellowish-orange  (105’R8  6)- 
weathering  shale 

58 

33 

8 

< 1 

53 

Medium-olive-gray  (.5Y5  1)  shale 

38 

42 

19 

<1 

62 

Laminated  iight-olive-gray 
(5Y6  1)  silty  shale 

45 

46 

9 

<1 

66 

Laminated  greenish-gray 

(5G\'()  1)  shale  and  light-gray 
(N7)  siltstone 

34 

50 

15 

<1 

70 

Medium-gray  (N5)  silty  shale 

39 

48 

12 

< 1 

71 

Medium-gray  (N5)  slightly 
silty  shale 

43 

42 

14 

< 1 

73 

Light-olive-gray  (.5Yt)  1)  shale 

54 

45 

< 1 

< 1 

7.5 

Dark-greenish-gray  (5GY4  1) 
silty  shale 

3t) 

59 

4 

<1 

Average  percent 

46 

44 

10 

<1 
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far  east  of  the  Palmerton  tjuadrangle.  The  red  sandstones  are  dusky- 
red  purple  (5RP3/2)  to  grayish-re,d  purple  (r)RP4/2),  brownish  gTay 
(5YR4/1)  to  medium-brownish  gray  (5YR5/I),  aiul  moderate  brown 
(5YR4/4),  and  may  be  color  laminated  or  mottled  with  moderate- 
greenish  gray  (5GY5/1)  to  dark-greenish  gray  (5G4/1).  Most  are  silty 
and  very  fine  to  fine  grtiined,  althotigh  a few  arc  coarse  grained.  Most  of 
the  finer  gTained  red  sandstones  are  hematitic  graywatkes  tsith  abundant 
rock  fragments,  muscovite,  and  biotite  (Figures  36  ami  37)  . 4 he  hematite 
and  finer  grained  muscovite  and  cpiartz  matrix  forms  more  than  30  per- 
cent of  the  rocks. 

Some  of  the  red  sandstones  are  hematitic  orthocpiartzites  and  are 
strikingly  dillercnt  from  the  graywackes  in  thin  section.  4die  ortho- 
quartzites are  fine  to  coarse  grained  and  generally  well  sorted  (see  Epstein 
and  Epstein,  1972,  Eigure  17).  Intermediate  red  protocpiartzites  are  also 


36  37 

Figure  36.  Photomicrograph  (crossed  polarizers)  of  laminated  silty  very  fine  grained 
hematitic  lithic  graywacke.  Lizard  Creek  Member  of  the  Shawangunk 
Formation,  Lehigh  Gap,  unit  54  of  section  3,  Epstein  and  Epstein,  1972, 
p.  31^1.  The  quartz  iq,  57  percent)  is  angular  to  subangular  and  nearly 
all  grains  have  a hematite  coating.  The  framework  grains  also  include 
abundant  muscovite  im,  7 percent),  lesser  rock  fragments  (shale,  r,  1 
percent),  biotite  (b,  1 percent)  partly  altered  to  chlorite,  chert  (c,  1 percent), 
and  minor  tourmaline,  zircon,  leucoxene,  and  black  opaque  minerals.  These 
are  in  a hematitic  matrix  of  mostly  muscovite  and  quartz  and  lesser 
chlorite  that  makes  up  about  33  percent  of  the  rock.  Sample  3,  Table  2 is  a 
chemical  and  spectrographic  analysis  of  this  rock. 

Figure  37.  Photomicrograph  (crossed  polarizers)  of  laminated  and  cross-laminated 
hematitic  very  fine  grained  silty  sandstone.  Lizard  Creek  Member,  Lehigh 
Gap,  unit  38  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  Quartz  (q) 
makes  up  about  55  percent  of  the  rock,  and  muscovite  im)  is  next  in 
abundance.  Other  minerals  are  chert  (c),  rare  chlorite  (ch)  that  is  appar- 
ently an  alteration  product  of  biotite,  tourmaline  (t),  zircon,  leucoxene, 
and  magnetite,  as  well  as  rare  shale  rock  fragments  (r).  The  hematite 
forms  a “clay”  coating  around  many  grains. 


■14 


I 1- HIGH  TON  AND  PAl  MTRTON  OU  ADRANGI  ES 


present,  indicating  that  tlie  sorting  capal)ilities  ot  the  transporting  media 
and  the  dejjositional  environments  were  varied. 

'J  he  samlstones  are  transitional  into  pale-red-pnrple  (5RP6/2)  to 
moderate-red-pnrple  (aRPa/^)  and  pale-red  (aR6/2)  shaly  and  sandy 
siltstones  that  are  color  mottled  and  interlaminated  with  similar  rocks 
that  are  moderate-greenish  gray  (aCi\’a/l)  anti  light-brownish  gray 
(a^'Rh/1).  I he  mottling  is  due  to  buirowing  of  organisms,  the  remains 
ol  which  have  not  Iteen  lountl  (see  Ejjstein  .intl  Epstein,  1972,  Figure  16). 

Semiiptantitativc  X-rat  diflraction  analyses  ol  three  samples  ot  red 
shale  and  siltstone  show  that,  besides  hematite,  they  average  about  45 
jiercent  mica  (mosilv  muscovite  with  minor  biotite:  range,  30-55  percent), 
■15  percent  c|uarl/  (range,  35-60  percent)  , and  10  percent  chlorite  (range, 
5-15  jtercent). 

In  the  ujtpcr  liall  ol  the  Ei/artl  Creek  Member  in  Eehigh  Gap,  gen- 
erallv  in  tlic  upper  3<S0  leet,  are  more  than  12  beds,  2 to  8 inches  thick, 
ol  irregulailx  laminated  sandstone  to  silty  shale  containing  ovoid  and 
iiregulai  nodules  ol  sideiite,  collophane,  and  chlorite,  cpiartz  pebbles, 
phosphatic  siltstone  and  shale  intraclasts,  and  Iragments  of  linguloid 
brachiopods  (Eigincs  38  and  39). 

4 he  siderite  nodules  are  generally  elliptical  and  2 to  20  mm  long, 
dark-vellowish  orange  (105'R6/6)  to  pale-yellowish  orange  (10YR8/6), 
and  mav  be  rimmed  with  or  parth  replaced  by  dark-yellowish-green 
(10G5'4/4)  chlorite  (Figures  lOA,  C) . 

1 he  chlorite  is  sjjherulitic,  pleochroic  Irom  green  to  colorless,  and  has 
anomalous  blue  interlerence  colors.  Besides  siderite,  it  also  replaces 
phosphatic  biachiopod  shells  (Eigtne  39)  and  siltstone  (Figure  40D)  . 

It  also  occurs  as  intergranular  fdlings  and  reworked  grains  (Figure  41). 

1 he  chlorite  has  a strong  14.\  rellection  on  X-ray  dillracTograms  and  is, 
therefore,  not  chamosite.  Chamosite,  however,  has  been  found  in  con- 
centricalh  b.uicled  oolites  in  ironstones  of  the  Clinton  Group  of  New 
5'ork,  Ohio,  and  West  \hrginia  (.Mling,  1917;  Hunter,  1960,  1970;  and 
Schoen.  I9()l)  . Some  ol  the  chlorite  in  the  Fi/arcl  Creek  may  have  origi- 
nalh  been  ch.unosiie  but  could  ha\e  been  altered  during  low-grade  meta- 
moiphism  to  chlorite  (|ames,  1966).  'Fhe  chlorite  is  iron  rich,  judging 
Irom  the  high  7.\/l  1,\  jjeak-height  ratios  (as  much  as  5;1  in  some 
sam|;les)  . 

X-ra\  chill  act  ion  anahsis  shows  that  the  collophane  is  carbonate  lluor- 
apatite.  It  is  gravish  black  (X2)  to  datk  gray  (X3)  and  may  weather  dull 
white.  es|jeci;ill\  the  linguloid  fragments.  4 he  collophane  replaces  silt- 
stone intraclasts  (Figures  38B,  C;  fOB-D)  , many  ol  which  are  as  much  as 
3.5  inches  long.  Some  ol  it  seems  to  Ite  reworked  grains  (Figure  41). 

Fhe  nodule  beds,  as  well  as  others  in  the  Fi/ard  Creek,  are  rich  in  iron 
(some  amples  contain  neai  K 19  percent  total  iron;  see  chemical  analysis  i 


43 


A 


B C 

.Figure  38.  Nodule  beds  in  the  Lizard  Creek  Member  of  the  Shawangunk  Formation, 
section  3,  Epstein  and  Epstein,  1972,  p.  31  ^1,  Lehigh  Gap.  Pennsylvania. 
A.  Nodules  and  oolites  of  carbonate  fluorapatite  (1),  rimming  iron-rich 
shale  pebbles  i2),  quartz  pebbles  as  much  as  8 mm  long  (3),  and  shale 
pebbles  (4)  that  were  probably  ripped  up  from  substrate  similar  to  the 
shale  at  5.  This  nodule  bed  lies  between  laminated  well-sorted  medium- 
grained quartzite  in  unit  69  of  section  3,  Epstein  and  Epstein,  1972,  p. 
3141.  The  shale  and  phosphate  nodules  may  have  been  deposited  in  the 
; reducing  environment  of  a lagoon  and  washed  onto  a sandbar  during  a 

' storm.  Chemical  analysis  of  the  shale  (5)  shows  it  to  contain  8.2  percent 

iron  expressed  as  FejO.,,  and  0.19  percent  P^O...  Sample  4,  Tatile  2,  is  a 
chemical  and  semiquantitative  spectrographic  analysis  of  this  rock.  Photo- 
graph of  polished  section.  B.  Nodules  of  siltstone  partly  replaced  by  collo- 
phane  i1),  siderite  (2)  rimmed  with  chlorite  (3)  and  penetrated  by  quartz 
grain  i4)  (showing  that  the  nodule  was  soft  at  time  of  deposition),  and 
fragments  of  linguloid  brachiopods  (5).  Note  lapping  of  irregularly  laminated 
I shale  and  very  fine  grained  sandstone  on  large  siltstone  clast  (6).  Serial 

sections  of  the  siltstone  clasts  show  that  they  are  extremely  irregular  in 
, shape,  suggesting  deposition  while  the  siltstone  was  wet  and  plastic.  Nega- 

I tive  print  of  acetate  peel,  from  unit  66,  section  3,  Epstein  and  Epstein, 

’ 1 972,  p.  31-41 . C.  Negative  print  of  acetate  peel  (stained  with  alizarin  red  S 

and  potassium  ferricyanide)  of  nodule  bed  41  inches  below  top  of  unit  69, 
showing  nodules  of  siderite  rimmed  with  chlorite  (1),  some  of  which  are 
very  irregular  in  shape;  phosphatic  siltstone  (2);  cellophane  nodules  (3); 
fragments  of  Lingula  i4) ; and  large  quartz  grains  (5),  some  of  which  pene- 
trate nodules.  Folded  phosphatic  siltstone  (6)  rimmed  with  chlorite  except 
at  top  (not  apparent  in  this  peel)  shows  that  the  sediment  was  soft  during 
replacement  by  cellophane  and  chlorite  and  deformed  prior  to  or  during 
: deposition. 
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Figure  39.  Photomicrograph  (plane-polarized  light)  showing  longitudinal  section 
through  the  pedicle  valve  of  a phosphatic  brachiopod,  probably  Lingula. 
Cellophane  (lighter  layers)  alternates  with  darker  chitinous  layers.  Note 
fine  tubuli  perpendicular  to  the  layers.  The  shell  is  partly  replaced  t)y 
chlorite  ich)  and  siderite  is).  About  1 mm  above  this  valve,  out  of  the  field 
of  the  photograph,  is  the  brachial  valve.  In  between  the  two  is  granohlastic 
siderite  with  scattered  angular  to  subrounded  quartz  sand  (light  grains). 
Evidently  sand  was  washed  into  the  shell,  and  the  dead  organisms  provided 
a reducing  microenvironment  favorable  for  deposition  of  siderite.  Lizard 
Creek  Member,  unit  66  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41. 

Figure  40.  Photomicrographs  (A-C,  plane-polarized  light;  D,  crossed  polarizers)  of 
sideritic,  phosphatic,  and  chloritic  nodules  in  unit  66,  section  3,  Epstein 
and  Epstein,  1972,  p.  31^1,  Lizard  Creek  Member  of  the  Shawangunk 
Formation,  Lehigh  Gap.  A.  Part  of  a siderite  nodule  is)  at  least  4 mm  long ; 
chlorite  ich)  has  replaced  thin  outer  rim.  The  nodule  is  made  up  of  grano- 
blastic  siderite  (grains  about  0.03  mm  in  diameter)  and  minor  quartz  and 
muscovite  (light  grains).  The  nodule  is  penetrated  by  a quartz  granule  (()) 
suggesting  that  it  was  soft  at  the  time  of  deposition.  Poorly  developed 
cleavage  (S,)  appears  as  dark  wavy  bands  about  0.01  mm  apart  and  along 
which  muscovite  is  preferentially  oriented.  B.  Siltstone  granule  replaced 
by  cellophane  (dark)  forming  radiating  rosettes.  Small  light  minerals  in 
siltstone  are  muscovite  and  quartz.  Note  sparry  calcite  iCa),  chlorite  gram 
ich),  phosphatic  shelK?)  fragment  (p),  and  subrounded  to  angular  zircon 
(z)  and  tourmaline  (t).  C.  Part  of  concentrically  banded  siderite  nodule 
(a)  rimmed  with  chlorite  (b)  and  phosphatized  siltstone  (c).  The  relation- 
ships suggest  penecontemporaneous  growth  of  siderite  and  replacement 
by  chlorite  and,  because  muscovite  grains  are  parallel  to  outside  band, 
rolling  of  the  siderite-chlorite  nodule  and  picking  up  of  phosphatic  mud 
prior  to  final  deposition.  D.  Elongate  siltstone  granule  replaced  hy  rosettes 
of  cellophane  (dark)  and  small  grains  of  chlorite. 

Figure  41.  Photomicrograph  i plane-polarized  light)  of  well-sorted  fine-grained  sand- 
stone (on  left)  interlaminated  with  silty  shale  in  unit  66,  section  3,  Epstein 
and  Epstein,  1972,  p.  3141,  Lizard  Creek  Member  of  the  Shawangunk 
Formation,  Lehigh  Gap.  Abundant  irregular  grains  of  cellophane  (co)  and 
chlorite  (ch)  are  about  the  same  size  as  the  quartz  iq)  and  muscovite  (m), 
and  therefore  appear  to  be  detrital,  perhaps  reworked  from  a nearby  soft 
sediment.  The  shale  has  well-developed  cleavage  (S,)  that  is  at  20°  to 
bedding  (So).  The  dark  cleavage  folia  are  0.002  mm  thick  and  0.01  to  0.02 
mm  apart. 


4,  Table  2,  and  Figure  4S,\).  Much  ol  the  iron  is  coutaiued  iu  hematite, 
magnetite,  goethiie,  lepidocluosite,  irou-ricli  cldoiite,  and  siderite. 

There  is  almudain  evidence  that  the  cldoi  ite,  siderite,  and  collopliane 
are  diagenetic  precipitates  cjr  replacements  oi  sott  sediment  (see  Figures 
38  and  40)  . Fliese  include  rims  of  chlorite  on  nodules  and  clasts  that  are 
partly  removed  by  wear  pi  i err  to  final  deposition  of  the  clast,  penetration 
of  noclitles  by  cptartz  grains,  sott  rock  deformation  structures  in  nodules 
and  clasts,  and  irregular  shapes  ol  some  ol  the  nodules. 
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I he  Shawangunk  Formation  ol  eastern  Pennsylvania  lias  been  re- 
garded as  Early  to  Middle  Siltirian  in  age  (Swartz  and  others,  1942) . This 
age  assignment  was  based  primarily  on  the  presence  of  enrypterids  and 
Arihropliycu.s  and  on  regional  stratigraphic  considerations.  The  data 
from  central  Pennsylvania  to  New  York  were  reevaluated  by  Epstein  and 
Epstein  (1972,  p.  14-16)  who  conchided  that  the  evidence  used  to  date 
the  Shawangtink  Eormation  in  eastern  Pennsylvania  was  based  on  in- 
secure stratigraphic  evidence  and  fossils  that  are  strongly  environmentally 
controlled  and  whose  ranges  are  poorly  known  dtie  to  rare  occurrences. 

It  is  conceivable  that  the  base  of  the  Shawangttnk  is  Late  Ordovician  in 
age  as  well  as  Early  Silurian. 

SILURIAN 

Bloomsbttrg  Red  Beds 

White  (188S)  first  tised  the  name  Bloomsburg  for  red  beds  at  Blooms- 
btirg,  Pennsylvania.  He  (1882)  called  the  same  interval  the  Clinton  red 
shale  in  eastern  Pennsylvania,  whereas  Rogers  (1858)  used  the  term  Sur- 
gent  for  these  rocks.  Schtichert  (1916)  delegated  these  beds  to  the 
Cayugan  Series  and  gave  a historical  stnnmary.  Regional  relations  of  the 
Bloomsburg  were  described  Ity  Swartz  and  Swartz  (1931)  and  some  details  ■ 
in  easternmost  Pennsylvania  were  given  by  Epstein  and  Epstein  (1969).  ! 

The  Bloomsburg  consists  mainly  of  grayish-red-purple  (5RP4/2)  to 
pale-red-ptirple  (5RP6/2)  and  grayish-red  (5R4/2)  to  dark-reddish-brown 
(10R3/4)  siltstone,  shale,  and  samlstone,  in  decreasing  order  of  abun- 
dance. 

Beds  of  shale  and  siltstone  are  as  mtich  as  8 feet  thick  and  commonly 
contain  thin  beds  and  laminae  of  very  fine  grained  sandstone.  These  beds 
generally  are  horizontally  laminated,  and  to  a lesser  extent  cross  lami- 
nated il  hough  in  many  places  bedding  has  been  obliterated  by  burrow- 
ing organisms  (Eigure  42).  Mud  cracks  are  common  (Eigure  43),  but  may 
be  indistinct  because  of  well-developed  cleavage,  especially  when  viewed 
in  cross  .section.  Pale-green  (5G7/2)  to  greenish-gray  (5GY6/1)  reduction 
s])ots  arc  numerous.  Abundant  irregular  dark-yellowish-orange  (10YR6/6)- 
weathei  ing  com  retions  are  fotmd  in  the  shales  and  siltstones  (Eigure  44) . 
Ehese  are  dolomite,  as  shown  by  X-ray  diffraction  analysis,  and  are  I 
ferroan  dolomite  as  indicated  by  a blue  stain  with  ])Otassium  ferricyanide.  i 
'Ehe  concretions  are  irregular  masses  that  have  replaced  the  host  rock;  i 
they  were  precipitated  by  rising  capillary  waters  that  also  spread  laterally 
parallel  to  bedding.  In  general,  these  concretions  are  not  more  than 
3 inches  long. 


STRATIGRAPHY 


49 


Figure  42.  Negative  print  of  thin  section  of  burrow-mottled  fine-grained  sandstone, 
siltstone,  and  shale  in  Bloomsburg  Red  Beds.  Discrete  red  sand-filled 
burrows  interrupt  green  laminae  in  upper  left  and  center;  burrow  churning 
disrupts  laminae  in  lower  right.  Note  cleavage  dipping  moderately  to  left. 
Unit  85  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-^1. 


f 

' 

Is* 

Figure  43.  Mud-cracked  red  shaly  siltstone  m lower  part  of  the  Bloomsburg  Red 
Beds,  along  road  about  1,000  feet  southwest  of  sewage  disposal  plant  in 
Palmerton.  Polygons  average  about  4 inches  wide.  The  mud-crack  fillings 
are  finer  shale. 
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A 

Figure  44.  Ferroan  dolomite  concretions  in  Bloomsburg  Red  Beds.  A.  Negative  print 
of  acetate  peel  showing  concretionary  masses  (dark)  that  apparently 
formed  by  replacement  of  host  laminated  shaly  siltstone  and  shale.  Rising 
solutions  spread  out  laterally  and  replaced  rock  parallel  to  laminae.  Unit  87 
of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  B.  Photomicrograph 
(plane-polarized  light)  of  irregular  granoblastic  ferroan  dolomite  concre- 
tion on  left  (diffuse  boundary  outlined)  replacing  hematitic  shaly  siltstone 
in  unit  81  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  Note  cleavage 
folia  deflected  slightly  by  concretion. 


The  reel  sandstones  in  the  Bloomsbtirg  are  generally  very  fine  to  me- 
ditini  grained,  but  a lew  beds  are  coarse  to  very  coarse  grained  or  con- 
glomeratic (qtiartz  peltbles  are  as  much  as  inch  long)  . Beds  are  less 
than  4 inches  to  more  tlian  5 feet  thick.  The  sandstones  are  quartzitic, 
linionitic,  and  hematitic,  and  are  planar  bedded  to  crossbedded.  Ripple 
marks  are  common.  Red  shale  and  siltstone  intraclasts,  as  mtich  as  3 
inches  across,  are  common  (Figure  45)  . 4 he  basal  1-2  inches  of  several 
sandstones  are  medium  gray  (N5)  . These  liases  are  generally  abrupt  and 
sandstone  fills  ciiannels  of  very  low  relief  in  underlying  siltstone  or  shale. 

tew  sandstone  beds  may  grade  into  underlying  finer  grained  rocks.  The 
sharp  basal  contact  ot  some  sandstones  is  accentuated  by  bedding-plane 
slippage,  indicated  by  slickensides  (Figure  45).  Scattered  small  sandstone 
tlikes  extend  through  shale  and  siltstone  connecting  sandstone  beds 
(Figure  46)  . The  dikes  average  about  2 inches  long  and  inch  thick. 
Similar  clastic  dikes  were  noted  in  the  Catskill  Formation  in  central 
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Figure  45.  Red  shale  intraclast  (near  point  of  hammer)  in  coarse-grained  crossbedded 
red  sandstone,  Bloomsburg  Red  Beds,  Lehigh  Gap,  unit  91  of  section  3, 
Epstein  and  Epstein,  1972,  p.  31-41.  Note  slickensides  (white)  at  base  of 
sandstone. 


Figure  46.  Sandstone  dike  (dark  vertical  structure)  extending  from  red  very  fine  to 
fine-grained  sandstone  at  base  through  laminated  silty  shale,  into  sand- 
stone. Near  top  of  exposed  Bloomsburg  Red  Beds  at  Lehigh  Gap,  unit  91 
of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  Negative  print  of  acetate 
peel.  Black  patches  are  air  bubbles  in  the  peel. 
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A 

Figure  47.  Laminated  siltstone  and  sandstone,  about  80  feet  above  base  of  Bloomsburg 
Red  Beds,  Lehigh  Gap,  unit  80  of  section  3,  Epstein  and  Epstein,  1972,  p. 
31^1.  A.  Laminated  medium-greenish-gray  siltstone  (dark)  and  partly 
flaser-bedded  light-greenish-gray  fine-grained  sandstone  (light).  Partly 
convoluted  sandstone  near  top  shown  in  detail  in  B.  Tip  of  hammer  at  top 
gives  scale.  B.  Disrupted  bedding  due  to  slump  of  mud  and  sand.  Sand  was 
disrupted  during  movement  and  separated  by  pinching  and  swelling  into 
irregular  discoid  lumps  as  much  as  2 inches  long  and  inch  thick  (sedi- 
mentary boudinage).  Some  of  the  sand  lumps  have  complex  flowage  folds,  ' 
and  a few  are  nearly  completely  surrounded  by  clay  laminae,  indicating 
that  the  mud  adhered  to  the  sand  as  the  sand  rolled  on  the  mud  substrate; 
the  sand  was  more  mobile  than  the  mud.  Downward  projections  in  lower  | 
half  are  probably  load  casts.  Negative  print  of  acetate  peel.  11 

Pennsylvania  by  Wells  (1969) , who  interpreted  them  to  have  formed  in  ■ 
alluvial  overbank  and  crevasse  splay  deposits.  This  interpretation  is  , 
similar  to  the  one  proposed  here  lor  the  Bloomsburg  (see  section  on  i 
environments  of  deposition). 

Nonred  beds  are  rare  in  the  exposed  Bloomsburg  except  in  the  lower 
162  feet.  These  are  as  much  as  3.5  feet  thick  and  are  light-greenish-gray  , 
(5GY7/1)  to  dark-greenish-gray  (5GY4/1)  and  medium-light-gray  (N6) 
to  medium-bluish-gTay  (5B6/1)  siltstone  to  medium-grained  sandstone  and  | 
minor  medium-gray  (N5)  shale.  They  are  interbedded  or  interlaminated  jj 
with  red  beds  and  may  also  contain  red  mottles.  Colors  change  laterally 
within  a few  tens  of  feet,  apparently  independently  of  grain  size  in  most 
outcrops.  Flaser  bedding  (ripple  lensing)  and  primary  slump  structures 
are  found  in  some  beds  (Figure  47)  . 
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1 he  rocks  in  the  Rloomsburt'  occur  in  poorly  to  well-ilefined  upward- 
fining  cycles  (Figure  IS)  . At  Lehigh  Gap,  there  are  probably  more  than 
50  cycles.  These  are  between  0.5  and  13. .3  leet  thick  and  consist  oi  fine- 
to  Aery  coarse  grained  crossbedded  to  planar-lretldetl  saiulstone  that  gen- 
erally rests  abruptly  on  atid  cuts  into  the  uiulerlyitig  unit  and  grades  up 
into  thin-bedded,  hnninated,  and  ripple-laminated  sandy  siltstone  and 
very  fitie  to  fine-graitied  sandstone,  which,  iti  turn,  grades  up  into  lami- 
nated and  bioturbated  santly  anti  shaly  siltstone  and  silty  shale  that  is 
mud  cracked  atul  contains  irregitlar  dolomite  concretions.  I hese  cycles 
are  thoitght  to  result  trom  deposition  by  meandering  streams  (see  discus- 
sion itnder  section  on  environments  ot  dejtosition)  . 

I’races  of  malachite,  chalcopyrite.  ami  bortiite  were  lound  in  a i/)-inch- 
thick  (luartz  vein  parallel  to  a slickensitled  betiding  plane  and  dissemi- 
natetl  throughout  a 24-toot-thit k setiuence  aboitt  140  feet  above  the  base 
of  the  Bloomsburg  (unit  86  ol  section  3,  Epstein  and  Epstein,  19/2,  jr. 
31-41)  (R.  C.  Smith  II,  Pa.  Geol.  Survey,  written  commun..  1973)  . 

Ehe  Bloomsburg  is  not  well  exposed,  except  in  Lehigh  G;ip,  along  the 
roatl  through  Little  Gap,  and  along  the  Lehigh  and  New  England  Rail- 


Figure  48.  Alternating  crossbedded  to  planar-bedded  sandstone,  irregularly  laminated 
sandstone  and  siltstone,  and  laminated  to  bioturbated  siltstone  and  shale 
in  upward-fining  cycles  in  the  Bloomsburg  Red  Beds,  Lehigh  Gap.  Strati- 
graphic top  to  left. 
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road.  On  the  i)asis  ot  constnuiion  ol  cross  sections,  the  Bloomsbnrg  is 
believed  to  be  1,300  to  1,700  leet  thick  (probably  about  1,500  leet  thick)  ; 
only  the  lower  900  leet  is  exposetl  in  Lehigh  Gap  (see  section  3,  Epstein 
and  Epstein,  1972,  p.  31-11).  d he  lonnation  is  generally  covered  on  the 
north  slope  ol  Bine  Mountain  anti  on  the  south  slope  ol  .Stony  Ridge  in 
I’ahncrton.  1 he  base  ol  the  lonnation  is  ])laced  at  the  base  ol  the  lowest 
led  bed  in  a red,  green,  and  gray  transition  /one  between  the  Bloomsbnrg 
and  the  nntlerl)ing  Li/artl  Creek  Member  ol  the  Shawangunk  Eormation. 
I his  tiansition  /one  is  162  leet  thick  at  Lehigii  Gap.  The  boundary  be- 
ttveen  the  Bloomsbnrg  and  the  ovei  lying  Poxono  Island  Eormation  is  also 
presumed  to  be  transitional,  as  it  is  in  the  Delaware  \Vater  Gap  area  to 
the  cast  (Epstein,  1971).  There  the  contact  is  placed  where  the  ratio  of 
red  beds  to  nonred  beds  is  1:1.  T he  contac  t is  verv  pooi  ly  ex|)Osed  in  the 
Lehighton  and  Pahnerton  cpiadrangles  but  is  inferred  by  imipping  of  red 
and  nonred  lloat.  Even  so,  this  contact  is  conjectural  in  most  places 
because  ol  masking  by  weathered  debris  Irom  the  slopes  above. 

I he  locks  in  the  Bloomsbnrg  are  mincralogically,  chemically,  and 


Table  4.  Chemical  and  Semiquantitative  Spectrographic  Analyses  of 
Rocks  from  the  Bloomsburg  Red  Beds 

Values  above  the  double  line  are  from  the  rapid-rock  analyses  by  P.  Elmore,  G.  Chloe, 
J.  Kelsey,  .S.  Botts,  H.  .Smith,  J.  (ilenn,  and  L.  .Artis,  U..S.  Geological  Survey.  Values,  in 
parts  per  million,  below  double  line  are  from  semiquantitative  spectrographic  analyses 
by  J.  L.  Harris,  Lh.S.  Geological  Survey.  N,  not  detected  or  at  limit  of  detection;  L, 
detected  but  below  limit  of  determination.  The  following  elements  were  looked  for  and 
not  detected  or  were  found  in  amounts  at  the  limit  of  detection:  Ag,  As,  Au,  Bi,  Cd,  Eu, 
Ge,  Hf,  In,  Li,  Mo,  Nd,  Pd,  Pr,  Pt,  Re,  Sb,  Sm,  .Sn,  Ta,  Te,  Th,  Tf,  U,  W,  Zn. 
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Table  4.  [Continued) 
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50 

20 

2(1 

Cu 
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.Y 

Nb 

20 

20 

7 

Ni 

L 

50 

30 

Pb 

2 

1 

1 

■Sc 

10 

10 

5 

Sr 

50 

70 
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30 

20 

Zr 
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1 00 

Ce 

300 

300 

1 00 

Ga 

15 

15 

7 

Yb 

5 

3 

2 

1.  Grayish-red  (5R4  2)  shaly  siltstone,  about  120  feet  above  base  of  Bloomsburg  Red 
Beds  (unit  83,  section  3,  Epstein  and  Epstein,  1 972,  p.  31-41),  roadcut  along  Fa.  Route  248. 

2.  Laminated  greenish-gray  (5GY6  1)  shale  to  very  fine  grained  sandstone,  about  150 
feet  above  base  of  Bloomsburg  Red  Beds  (unit  8(),  section  3,  Epstein  and  Epstein,  1972, 
p.  31-41),  roadcut  along  Pa.  Route  248. 

3.  Very  coarse  grained  feldspathic  and  lithic  graywacke,  545feet  above  base  of  Bloomsburg 
Red  Beds  (unit  91,  section  3,  Epstein  and  Epstein,  1972,  p.  31-41),  roadcut  along  Pa. 
Route  248.  Figure  50  shows  photomicrographs  of  the  rock. 


texturally  immature  (low  percentage  ol  silica  in  chemical  analyses.  Table 
4).  .Six  sam[)les  ol  shale  and  siltstone  from  the  Bloomsburg  were  analyzed 
by  X-ray  diffraction.  These  averaged  about  55  percent  qitartz  (range, 
40-70  percent)  , 40  percent  muscovite  (range,  25-50  percent),  5 percent 
chlorite  (range,  <5-15  percent),  and  probably  less  than  1 percent 
feldspar. 

In  thin  section,  the  sandstones  are  mostly  graywackes  with  appreciable 
rock  fragments  and  feldspar.  Most  rocks  contain  abundant  hematite  coat- 
ing the  framework  grains.  The  hematite  is  probably  an  alteration  product 
of  chlorite,  because  much  ol  the  chlorite  that  is  present  is  partly  altered 
to  hematite.  Most  of  the  framework  giains  are  angular,  especially  in  the 
finer  grained  rocks.  Feldspar,  which  is  rare  to  absent  in  the  rocks  in  the 
underlying  Shawangunk  Formation,  is  common  in  all  thin  sections  of 
sandstone  studied,  and  many  rocks  are  feldspathic  graywackes  (Figures 
49  and  50) . Plagioclase  is  the  most  common  type,  but  potash  feldspar  and 
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Figure  49.  Photomicrograph  (crossed  polarizers)  of  fine-grained  feldspathic  gray- 
wacke,  Bloomsburg  Red  Beds,  unit  86  of  section  3,  Epstein  and  Epstein, 
1972,  p.  31-41.  Quartz  (78  percent)  occurs  mostly  as  single  grains  (q) 
having  straight  to  undulose  extinction  and  as  minor  semicomposite  grains 
that  are  probably  vein  quartz  (vq),  but  which  may  be  stretched  meta- 
morphic  grains.  Chert  (c,  1 percent)  is  angular  to  subrounded.  Plagioclase 
(p,  2 percent)  is  generally  angular  to  subangular.  Shale  fragments  (r)  and 
muscovite  (m)  make  up  about  1 percent  of  the  rock.  Zircon  (z)  and  tour- 
maline, generally  euhedral  to  subrounded,  are  scattered  throughout.  The 
fine  silt-sized  matrix  (17  percent)  is  made  up  mostly  of  quartz  and  mus- 
covite and  lesser  chlorite.  Chlorite  (ch,  1 percent)  fills  many  pores. 
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Figure  50.  Photomicrographs  (crossed  polarizers)  of  poorly  sorted  coarse-grained 
feldspathic  and  lithic  graywacke  from  unit  91  of  section  3,  Epstein  and 
Epstein,  1972,  p.  31^1,  Bloomsburg  Red  Beds,  Lehigh  Gap.  As  shown  in 
A,  B,  and  C,  the  rock  consists  of  quartz  (70  percent;  angular  to  subrounded 
single  grains  (q)  with  undulose  extinction  are  most  common,  with  lesser 
vein  quartz  (vq);  many  overgrowths  (arrows)  and  interlocking  grain 
borders;  many  grains  rimmed  with  hematite),  chert  (c,  1 percent),  musco- 
vite (m,  1 percent),  feldspar  (3  percent;  plagioclase  (p,  probably  albite- 
oligoclase),  orthoclase  (or),  and  perthite  (per);  all  sericitic,  in  part);  rock 
fragments  (4  percent),  mostly  shale  (r),  but  some  igneous  rock  fragments 
(outlined  in  A and  C),  and  scattered  subrounded  to  euhedral  zircon  and 
tourmaline,  as  well  as  black  opaque  minerals.  These  grains  are  enclosed  in 
a hematite-rich  matrix  (17  percent)  of  finer  grained  quartz  and  muscovite, 
and  in  iron-stained  carbonate  cement  (Ca,2  percent),  and  silica  overgrowths 
(2  percent).  Other  than  the  shale,  the  rock  fragments  consist  of  felsite 
(outlined  in  A)  consisting  of  lath-shaped  plagioclase  (p),  quartz  (q),  and 
finer  muscovite.  D is  an  enlargement  of  a similar  grain  showing  plagioclase 
laths  and  probably  spherulitic  quartz;  note  replacement  by  muscovite  (m) 
along  interlocking  border  with  quartz  grain  (q).  Outlined  in  C is  a grain  of 
intergrown  quartz  (q)  and  plagioclase  (p).  E is  an  enlargement  of  musco- 
vite (m)  in  a grain  of  perthite.  F shows  a grain  of  intergrown  muscovite  (m) 
and  quartz  (q).  The  felsite  grains,  and  grains  of  feldspar  intergrown  with 
quartz  and  muscovite,  show  that  the  source  rocks  may  have  been  volcanic 
as  well  as  granitic  or  gneissic. 
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perthitic  inteigrowths  were  seen  in  a few  samples  (Figure  50) . The 
feldspar  grains  are  angular  to  subangular  and  do  not  appear  to  exceed 
about  4 percent  of  the  minerals  in  rocks  of  the  Bloomsburg. 

Rock  fragments  were  found  in  all  samples  examined  (as  much  as  4 
percent  of  some) , and  many  rocks  are  lithic  graywackes  (Figure  51) . The 
rock  fragments  are  mostly  shale  and  siltstone,  but  micaceous  quartzite 
(Figure  51)  , felsite  (Figure  50A,  D),  and  granitic  or  gneissic  grains  of 
intergrown  feldspar,  quartz,  and  muscovite  (Figure  50C,  E,  F)  are  found 
in  minor  amounts. 

Quartz  in  the  sandstones  is  angular  to  subrounded  and  generally  occurs 
as  single  crystals  having  slightly  to  strongly  undulose  extinction,  although 
semicomposite  grains  (mostly  vein  (piartz)  may  be  common.  Silica  over- 
growths are  abundant  and  are  separated  from  the  parent  grain  by  a thin 
coating  of  hematitic  clay  in  many  cases.  Interlocking  grain  contacts  are 
also  common;  these  may  be  sutured.  Many  quartz  grains  are  partly 


Figure  51 . Photomicrograph  (crossed  polarizers)  of  lithic  graywacke,  80  feet  above  the 
base  of  the  Bloomsburg  Red  Beds,  Lehigh  Gap,  unit  80  of  section  3,  Epstein 
and  Epstein,  1972,  p.  31M1.  The  rock  consists  predominantly  of  angular 
and  corroded  quartz  (q,  48  percent),  lesser  chert  (c,  5 percent),  muscovite 
(m,  6 percent),  biotite  (1  percent),  shale  rock  fragments  (r,  1 percent),  and 
micaceous  quartzite  (qz,  <1  percent)  in  a finer  muscovite-quartz-chlorite 
matrix  (39  percent).  Some  muscovite  and  quartz  are  elongated  parallel 
to  cleavage  (Si)  which  is  at  an  angle  of  about  23°  to  bedding  (So). 
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replaced  by  muscovite  and  cldorite,  having  reactetl  with  tlie  matrix. 
Quart/  does  not  exceed  80  percent  of  tlie  rocks  in  the  tliin  sections 
examined. 

Sand-sized  mtiscovite,  liiotite,  rounded  to  subrounded  cliert,  and  chlor- 
ite make  uj)  minor  components  of  all  rocks.  I'he  chlorite  is  probably 
mostly  penninite  because  it  has  anomalous  purple  ami  IjIuc  interlerence 
colors.  It  also  occurs  as  spherulitic  pore  hllings  and  is  jiartly  intergrown 
with  muscovite.  Some  chlorite  grains  are  concentrated  in  argillaceous 
sandstone  laminae  and  are  several  times  larger  than  other  grains,  suggest- 
ing that  they  are  prodticts  of  recrystalli/ation  rather  than  detrital.  In 
many  samples,  chlorite  is  partly  replaced  by  hematite. 

I'he  nonopacpie  heavy  minerals,  besides  the  muscovite,  biotite,  and 
chlorite,  inchule  only  stibrotmded  to  euhedral  zircon  and  blue,  green,  and 
brown  tourmaline.  Iron-stained  (sideritic?)  calcite  reiihiccs  some  cpiartz 
and  fills  interstices  in  a few  samples. 

I'he  matrix  of  the  sandstones  in  the  Bloomsbnrg  constitutes  not  less 
than  1.5  percent  of  most  rocks  and  consists  of  clay-  and  silt-sized  muscovite 
and  (piartz  and  lesser  chlorite  mixed  with  hematite. 

No  fossils  have  been  found  in  the  Rloomsbtirg  in  the  report  area,  but 
fish  .scales  and  fish  fragments  have  been  collected  between  Wind  Gap  and 
Delaware  Whiter  Gap  to  the  east  (Beerbower  and  Halt,  1959).  These 
fossils  ought  to  be  present  in  the  Lehighton  and  Palmerton  quadrangles. 
The  Bloomsbnrg  in  eastern  Pennsylvania  cannot  be  directly  dated  by 
fossils,  but  it  is  believed  to  be  Middle  and  Late  Sihirian  in  age  (.Swartz 
and  others,  1942)  or  latest  WTnlockian  to  early  Pridoli  of  Berry  and 
Boucot  (1970).  This  is  in  agreement  with  the  physical  tracing  of  the 
Bloomsbtirg  into  the  Lockport  Grotip  (Middle  Silurian)  and  Vernon  Shale 
(Upper  Silurian)  of  central  New  York  by  Rickard  (1969). 

Poxono  Island  Formation 

I’he  Poxono  Island  Formation  is  very  poorly  exposed  in  the  map  area- 
only  two  nonslnmped  outcrops  were  fotmd,  both  in  the  Lehighton  tpiad- 
rangle.  The  tmit  was  named  the  Poxono  Island  Shale  by  White  (1882) 
for  at  least  200  feet  of  buff,  green,  and  variegated  nonfossiliferous  limy 
shales  exposed  on  the  north  bank  of  the  Delaware  River  near  Poxono 
Island,  about  7 miles  northeast  of  Delaware  Water  C»ap.  These  rocks 
were  included  in  the  Scalent  Formation  of  Rogers  (1858)  and,  north  of 
Lehigh  Gap,  were  termed  the  W^ater  Lime  Shales  by  Chance  (1882a). 

The  best  otucrops  of  the  Poxono  Island  Formation  are  along  the  rail- 
road cut  of  the  Central  Railroad  of  New'  jersey  (measured  section  1)  , 
where  the  upper  31  feet  of  the  formation  is  exjxised.  Swartz  and  Swartz 
(1941)  measured  212  feet  when  the  section  was  better  exposed,  but  they 
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did  not  see  the  base.  The  Poxono  Island  at  this  locality  consists  of  lami- 
nated to  finely  bedded,  partly  mnd-cracked  and  lenticulai'  dolomite, 
limestone,  and  calcareous  shale  (Fignres  52  and  53)  . Micro  sconr-and-fill 
is  common,  and  bedding  may  be  indistinct  because  of  burrow  mottling. 
Pyrite  is  scattered  throughout.  The  dolomite  is  partly  calcareous  and 
argillaceous,  greenish  gray  (5GY6/1)  , and  light-bluish  gray  (5B7/1)  , and 
weathers  dark-yellowish  orange  (10YR6/6)  to  pale-yellowish  orange 
(10YR8/6)  . It  is  ferroan  dolomite  (ankerite),  as  indicated  by  a blue  stain 
when  treated  with  potassium  ferricyanide.  The  limestone  is  argillaceous, 
very  fine  to  fine  grained,  and  medium-light  gray  (N6)  to  medium-dark 
gray  (N4).  It  weathers  light  gray  (N7)  to  medium-light  gray  (N6) . Shale 
mtraclasts  as  much  as  1.5  inches  long  are  not  common.  Thin  beds  and 
laminae  may  grade  upward  from  ostracode-rich  quartzose  calcarenites 
(Figure  54)  and  calcareous  sandstones,  through  finer  limestone,  into 
greenish-gray  (5GY6/1)  and  grayish-green  (inGY5/2)  to  pale-olive 


Figure  52.  Laminated  and  thin-bedded  dolomite,  limestone,  and  shale  to  left  of  ham- 
mer (unit  7 of  measured  section  1)  resting  on  mud-cracked  dolomite  (top 
of  unit  6 of  measured  section  1)  in  the  Poxono  Island  Formation,  Central 
Railroad  of  New  Jersey  southeast  of  Bowmanstown.  Note  graded  beds  in 
unit  7 and  also  cleavage  that  dips  moderately  to  the  southeast  (to  lower 
right)  and  the  generally  more  complex  folds  in  the  finer  grained  beds.  Some 
of  the  lighter  beds  in  the  upper  left  have  been  thinned  by  removal  of 
limestone  along  cleavage. 
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Figure  53.  Laminated  limestone  and  calcareous  shale  in  the  Poxono  Island  Formation 
along  Central  Railroad  of  New  Jersey.  Rock  to  left  of  pen  is  mud  cracked 
and  overlies  similar  rock  that  is  not  mud  cracked.  Axes  of  small  folds  and 
regional  cleavage  are  about  parallel  to  mud-crack  columns.  Units  9 and  10 
of  measured  section  1. 


r Figure  54.  Photomicrograph  (plane-polarized  light)  of  ostracode  biosparrudite,  upper 
I part  of  Poxono  Island  Formation,  cut  along  Central  Railroad  of  New  Jersey, 

I unit  2 of  measured  section  1.  Sample  is  from  base  of  lamina  that  grades  up 

; into  micrite.  Fossils  shown  are  all  leperditiid  ostracodes  (o)  (filled  with 

j silty  micrite),  but  ornate  forms  are  present  elsewhere  on  the  slide.  Pellets 

(p)  and  etched  silt-sized  quartz  grains  (q)  are  common.  The  rock  may 
initially  have  been  a biopelmicrudite,  because  the  spar  (s)  may  be  pseudo- 
j spar  as  it  appears  to  cut  across  some  fossils  (at  1,  for  example). 
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(l()Y6/2)  and  light-gray  (N7)  to  medium-gray  (N5)  shale  that  weathers 
grayish  orange  (l()YR7/4)  to  dark-yellowish  orange  (10YR6/6).  Fossils 
include  mostly  leperditiid  and  lesser  ornate  ostracodes  and  rare  brach- 
iopod  fragments. 

The  Poxono  Island  Formation  was  reached  in  the  Phillips  Petroleum 
Company  exploration  well  No.  1 Graver  Estate  (see  measured  section 
24)  at  a depth  of  ,5,255  feet  and  extends  at  least  141  feet  to  a depth  of 
5,396  feet  to  the  bottom  of  the  hole.  It  consists  of  light-greenish-gTay 
to  pale-gieen  shale  and  dolomite,  as  well  as  interbedded  very  light  gray 
to  pale-green,  very  finegrained  argillaceous,  silty,  and  dolomitic  limestone 
with  traces  of  anhydrite  and  pyrite. 

T he  U.S.  Army  Corps  of  Engineers  drill  hole,  300  feet  south  of  the 
road  at  ^Valkton,  bottomed  in  10  feet  of  Poxono  Island  Formation  con- 
sisting of  red  and  grayish-green  shale  and  partly  dolomitic  light-brown  to 
bluish-green  limestone  beneath  66  feet  of  surficial  deposits. 

In  thin  section,  most  rocks  of  the  Poxono  Island  are  finely  laminated 
to  finely  betlded  and  graded.  Basal  beds  and  laminae  of  graded  sequences 
are  biomicrudites  and  biosparrudites  (Figures  54  and  55)  that  may  be 
pelletal.  Pseudospar  has  formed  to  varied  degrees,  and  some  rocks  that 
appear  to  be  sparites  may  actually  be  neomorphosed  micrites.  Fragmented 
and  entire  ostracode  carapaces  are  abundant  in  the  basal  beds  and  become 
scarcer  upwards.  Silty  cpiart/ose  pelsparites  and  pelmicrites  overlie  the 
basal  beds,  and  these  are  succeeded  by  micrites.  The  quartz  in  these  rocks 
is  angular  and  generally  etched.  Sparse  jdagioclase,  probably  albite,  and 
subrounded  zircon  and  tourmaline  were  seen.  The  dolomite  appears  to 
have  replaced  previously  deposited  limestone. 


Figure  55.  Photomicrograph  (crossed  polarizers)  of  silty  ostracode  biomicrudite  at 
base  of  graded  bed  resting  on  micrite  at  top  of  another  graded  bed.  Strati- 
graphic top  is  to  left.  Upper  part  of  Poxono  Island  Formation,  cut  along 
Central  Railroad  of  New  Jersey,  unit  7 of  measured  section  1.  See  Figure 
52  for  photograph  of  exposure  of  this  rock. 
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Cliemical  analyses  of  a laniiiiatecl  talcareoiis  shale  and  limestone  and 
an  argillaceous  calcareous  dolomite  arc  given  in  d’able  5.  X-ray  analyses 
(Figure  aGA)  show  that  the  tiominant  minerals  in  rocks  of  the  Poxono 
Island  are  calcite,  tlolomitc  (not  seen  in  the  dillractogram  in  Figure  56A), 
muscovite,  ;md  (]uart/,  and  lesser  thlorite  and  montmorillonite  (which 
occurs  in  mixed-layei  illite-montmorillonitc),  as  well  as  some  pyrite.  Fhe 
occurrence  ot  montmorillonite  in  the  Poxono  Island  Formation,  as  well  as 
in  the  Bossarchille  Limestone  and  Decker  F’ormation,  was  unexpected 
because  it  is  generallv  believed  that  montmorillonite  does  not  persist 


Table  5,  Chemical  and  Semiquantitative  Spectrographic  Analyses  of 
Rocks  from  the  Poxono  Island  Formation,  Bossardville  Limestone,  and 

Decker  Formation 

Values  above  the  double  line  are  from  the  rapid-rock  analyses  by  P.  Elmore,  G.  Chloe, 
J.  Kelsey,  .S.  Botts,  H.  Smith,  J.  Glenn,  and  L.  Artis,  U..S.  Geological  Survey.  Values,  in 
parts  per  million,  below  double  line  are  from  semiquantitative  spectrographic  analyses 
by  J.  L.  Harris,  U..S.  Geological  .Survey.  X,  not  detected  or  at  limit  of  detection:  L, 
detected  but  below  limit  of  determination.  The  following  elements  were  looked  for  and  not 
detected  or  were  found  in  amounts  at  the  limit  of  detection:  ,\g,  .As,  ,Au,  Bi,  Gd,  Eu, 
Ge,  Hf,  In,  Li,  Mo,  Nd,  Pd,  Pr,  Pt,  Re,  Sb,  Sm,  Sn,  Ta,  Te,  Th,  Tl,  U,  \V,  Zn. 
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Table  5.  (Continued) 
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1.  Poxono  Island  Formation,  laminated  calcareous  shale  and  limestone,  about  25  feet 
below  top  of  formation  (unit  4 of  measured  section  1 ),  railroad  cut  along  Central  Railroad 
of  New  Jersey,  3,500  feet  southeast  of  intersection  of  Pa.  Routes^895  and  248  in  Bowmans- 
town. 

2.  Poxono  Island  Formation,  uppermost  bed,  argillaceous  calcareous  dolomite  (unit  12 
of  measured  section  1),  railroad  cut  along  Central  Railroad  of  New  Jersey,  3,500  feet 
southeast  of  intersection  of  Pa.  Routes  895  and  248  in  Bowmanstown. 

3.  Bossardville  Limestone,  medium-grained  fossiliferous  limestone,  7 feet  below  top  of 
formation  (unit  7 of  measured  section  2),  abandoned  quarry,  1,500  feet  northeast  of 
Hazard  School  in  Palmerton. 

4.  Decker  Formation,  laminated  slightly  dolomitic  limestone  and  shaly  limestone,  4 feet 
above  base  of  formation  (unit  17  of  measured  section  2),  abandoned  quarry,  1,500  feet 
northeast  of  Hazard  School  in  Palmerton. 

5.  Decker  Formation,  very  fine  grained  slightly  calcareous  silty  sandstone,  about  23  feet 
above  base  of  formation  (unit  20  of  measured  section  2),  abandoned  quarry,  1,500  feet 
northeast  of  Hazard  School  in  Palmerton. 


in  silt  It  old  rocks  (see  Petti  john,  19,57,  p.  137).  These  units  contain 
abundant  niagnesiinn  in  the  torm  ol  dolomite  and  calcium  in  calcite.  No 
montmoi  illonite  has  been  lound  in  the  rocks  of  the  Lizard  Creek  Member 
of  the  Shawangunk  Formation,  which  contains  rare  or  no  dolomite  and 
little  calcite.  All  these  rocks  are  interpreted  to  have  been  deposited  in  a 
similar  nearshore  environment  (see  section  on  environments  of  deposi- 
tion). It  is  ]ros.silrle,  therefore,  that  the  Ca++  and  iMg++  available  in  the 
Poxono  Island-Decker  interval,  as  well  as  Na++  available  in  sea  water, 
favored  the  lormation  of  montmorillonite  (jrossibly  originally  in  mixed- 
layer  illite-montmorillonite)  , and  that  K+  may  have  replaced  some  Ca++, 
forming  mixed-layer  illite-montmorillonite. 

Green  beds  are  characteristic  of  the  Poxono  Island  Formation,  although 
retl  shales  anti  siltstones  are  interbedded  lower  in  the  section  as  the 
transitional  botmdary  with  the  Bloonrsburg  Red  Beds  is  approached. 
What  is  believed  to  be  this  boundary  is  expo,secl  only  in  a creek  600  feet 
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EXPLANATION 


Whole  rock  sample 

Clay-sized  sample  (<  2 microns)  treated 
in  dilute  acetic  acid  to  remove  carbonates 


Untreated, oriented 
Heated,  300°C 


Glycolated 


A.  Poxono  Island  Formation 
Unit  2 of  measured  section  1 

B.  Bossardville  Limestone.  Argillaceous  limestone.  Unit  5 of 
measured  section  2. 

C.  Decker  Formation,  Dolomitic  laminae  in  sholy  limestone. 

Unit  17  of  measured  section  2 . 

D.  Decker  Formation.  Arenaceous  limestone  Unit  19  of 
measured  section  2. 

E.  Stormville  Member  of  Coeymons  Formation.  Weathered 
medium-grained  sandstone.  Unit  18  of  measured  section  3. 


C,  Colcite 

D,  Dolomite 
M,  Muscovite 
Q,  Quartz 
Ch,  Chlorite 
K,  Kaolinite 
P,  Pyrite 

Mt,  Montmorillonite,  shown  on  glycolated  trace 
ML,  Mixed-layer  (mostly  illite-montmorillonite) 


Silty  pyritic  laminated  limestone 


DEGREES  26 


Figure  56.  Typical  X-ray  diffractograms  of  carbonate  rocks  of  the  Poxono  Island 
Formation,  Bossardville  Limestone,  Decker  Formation,  and  Stormville 
Member  of  the  Coeymans  Formation. 
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DEGREES  20 


DEGREES  26 


Figure  56.  (Continued) 


intensity IM'^^’^SITY 
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DEGREES  20 


Figure  56.  (Continued) 
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northeast  ot  the  Hazard  School  in  Palmerton,  Lehighton  quadrangle. 
Here,  about  10  leet  of  pale-red  (5R6/2)  shaly  siltstone  of  the  Blooms- 
burg  is  overlain  by  about  20  feet  of  medium-greenish-gray  (5GY7/1) 
shaly  siltstone  ol  the  Poxono  Island,  d'hese  rocks  weather  pale-yellowish 
orange  (10YR8/6)  to  grayish  orange  (10YR7/4). 

Green  shales  and  siltstones  are  the  most  abundant  rock  types  in  the 
Poxono  Island,  judging  from  the  scattered  exposures  and  float.  Swartz 
and  Swartz  (1941)  reported  at  least  215  feet  of  predominantly  shale  in 
the  Poxono  Island  in  the  Kline  tunnel  at  Hazard,  and  Agthe  and  Dynan 
(1910)  showed  about  390  feet  of  shale  in  a cross  section  through  the 
tunnel  (their  Figure  36,  units  15-17). 

I’he  contact  with  the  overlying  Bo,ssardville  Limestone  is  placed  at  the 
top  of  the  highest  dolomite  (Figure  57)  . This  boundary  was  seen  only 
along  the  tracks  of  the  Gentral  Railroad  of  New  Jersey.  So  defined,  the 
Poxono  Island  contains  some  limestone  typical  of  the  Bossardville. 

The  thickness  of  the  Poxono  Island  varies  tremendously  because  of 
structural  thickening  and  thinning  (see  cross  sections  on  Plate  1)  and 
appears  to  range  from  altout  300  feet  to  more  than  800  feet.  In  a water 
well  drilled  for  the  New  Jersey  Zinc  Gompany,  Palmerton,  Pennsylvania, 
the  Poxono  Island  is  altout  300  feet  thick  (see  measured  section  4).  It 
may  average  about  500-600  feet  in  thickness,  more  than  an  earlier  esti- 
mate of  300-400  feet  (Epstein  and  Epstein,  1969,  p.  143).  The  Poxono 
Island,  therefore,  thins  from  about  700  feet  in  the  Delaware  Water  Gap 
area,  about  30  miles  to  the  northeast  (see  Epstein  and  Epstein,  1967, 
Eigure  4)  , to  about  550  feet  in  the  Lehigh  Gap  area,  to  a feather  edge  at 
the  Schuylkill  River,  25  miles  to  the  southwest  (Swartz  and  Swartz, 
1941). 

There  are  no  diagnostic  fossils  in  the  Poxono  Island,  but  the  age  of 
the  formation  is  middle  Late  Silurian  and  it  correlates  with  the  Tonolo- 
way  Limestone  of  central  Pennsylvania  (Rickard,  1969). 

IJossardville  Idmestone 

Idle  type  locality  of  the  Bossardville  Limestone  is  at  Bossardsville, 
Pennsylvania,  in  Cherry  Valley,  about  15  miles  northeast  of  the  Palmer- 
ton quadrangle,  where  the  limestone  is  extensively  quarried.  The  Bos- 
sardville was  named  by  White  (1882),  who  did  not  designate  a type 
section  but  who  described  (p.  240)  the  limestone  at  the  north  Croasdale 
quarry  at  the  east  end  of  Godfrey  Ridge,  2.5  miles  east  of  Stroudsburg, 
Pennsylvania.  The  Bo.ssardville  in  the  quarry  is  about  100  feet  thick  and 
consists  of  medium-  to  dark-gray,  very  fine  to  fine-grained,  laminated  to 
thin-bedded,  partly  argillaceous,  .sandy,  and  dolomitic  limestone,  and  less 
abundant  calcareous  shale,  siltstone,  and  dolomite  (Epstein,  1973).  The 
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Bossarclville  of  easternmost  Pennsyl\ania  anti  Xcw  Jersey  has  been  de- 
scribetl  Iry  Epstein  and  others  (1967). 

In  the  Lehigh  Gap  area,  the  Bossarthille  tsas  termed  the  Lewistotvn 
Limestone  and  the  lower  Helderberg  Limestone  by  Chance  (1882b,  Plate 
3,  p.  3,78)  , He  reportetl  it  to  be  69  leet  tliick,  but  Ids  Ijonndarics  were  not 
definite.  .Lgthe  and  Dvnan  (1910,  Figure  36,  units  13  and  14)  illustrated 
130  feet  of  limestone  and  limy  shale  in  the  Helderberg  Limestone  in  the 
Kline  tunnel  at  Hazard,  Pennsylvania,  that  may  be  the  Bossardcille 
Limestone,  Swartz  and  .Swartz  (1941,  p.  1143)  described  100  feet  of  the 
Bossardville  at  Andreas,  Pennsylvania,  7 miles  southwest  of  Lehighton. 
In  the  Lehighton  and  Palmerton  cpiadrangles,  the  Bossardville  was 
I seen  during  the  present  study  at  only  two  localities:  1)  along  the  tracks 
j of  the  Central  Railroad  of  New  Jersey  where  9 feet  of  rock  (measured 
' section  1)  is  now  exposed  (44  feet  of  banded  calcareous  shale  and  shaly 
I limestone  was  reported  by  Swartz  and  Swartz  (1941,  jr.  1147),  the  top  of 
' the  formation  not  exposetl)  ; and  2)  in  an  abandoned  tpiarry  1,500  feet 
I northeast  of  the  Hazard  School  in  Palmerton,  where  63  feet  of  the  Bos- 
sardville was  measured  (section  2)  , At  this  place,  horvever,  77  leet  of 
rock  with  the  base  not  exposed  was  reported  by  Swartz  and  Swartz  (1941, 
p.  1152),  The  Bossardville  underlies  the  low  part  of  the  rnbble-veneered 
south  slope  of  Stony  Ridge  in  the  report  area.  The  best  estimate  of  its 
I thickness  is  100  feet  (Epstein  and  Epstein,  1967,  1969), 

I'he  Bossardville  Limestone  is  made  up  mostly  of  limestone  and  lesser 
shale.  The  limestone  is  laminated  to  thin  betkled  (beds  are  as  much  as  4 
I inches  thick)  and  has  been  called  a “ribbon  limestone’’  (Figures  57-59)  , 

! Fresh  colors  are  medium-light  gray  (X6)  to  dark  gray  (X3)  and  minor 
: light-olive  gray  (5Y6/1)  to  medium-olive  gray  (5Y5/1)  . It  weathers  pale- 
\ yellowish  orange  (l(A'R7/3)  to  moderate-yellowish  brown  (10'\'R5/4)  , 
yellowish  gray  (55’8/l)  to  pale-yellowish  brown  (lO'\’R6/2),  light  gray 
(X7)  to  medinm-light  gray  (X6),  light-blnish  gray  (5B7/1),  and  light- 
I olive  gray  (5Y6/1).  The  limestone  is  generally  very  fine  to  fine  grained, 
' but  some  is  very  coarse  grained.  It  is  generally  argillaceous  and  silty, 
pvritic,  and  in  parallel  and  wavy  laminated  beds.  Grading  is  common, 
; and  coarser  basal  beds  have  a scoured  lower  surface,  Thev  are  ciuartzose, 
f generally  rich  in  ostracodes,  and  contain  some  intraclasts  as  much  as 
1 inch  long.  Many  intraclasts  are  encrusted  with  bryozoans  and  possibly 
' algae  (oncolites)  (Figure  60) , Ostracodes  are  less  abundant  in  finer 
I laminae.  Burrow  mottling  was  seen  in  some  samples.  .Some  beds  are  mud 
‘ cracked  (Figure  61):  mud-crack  polygons  are  as  much  as  10  inches  wide 
and  paper-thin  dark-gray  (X3)  to  medium-dark-grav  (X4)  shale  fills  the 
I cracks.  The  mud  cracks  were  compressed  during  folding,  and  the  shale 
fillings  were  probablv  mobilized  during  the  formation  of  rock  cleavage, 
thus  accentuating  the  shape  of  the  columns. 
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Figure  58.  Laminated  micrite  and  pelmicrite  (dark)  and  calcareous  shale  (light)  in 
mud-crack  column,  Bossardville  Limestone,  unit  3 of  measured  section  2. 
Laminations  may  be  partly  of  organo-sedimentary  (algal)  origin.  Strati- 
graphic top  is  up.  Cleavage  (arrow)  offsets  laminae.  Negative  print  of  ace- 
tate peel.  Figure  61  is  outcrop  of  rock. 


Figure  57.  Laminated  to  thin-bedded  and  graded  limestone  of  the  basal  part  of  the  I 
Bossardville  Limestone  (to  left  of  hammer)  resting  on  mud-cracked  i 
dolomite  of  the  Poxono  Island  Formation.  Exposure  along  Central  Railroad 
of  New  Jersey.  See  units  12  and  13  of  measured  section  1 for  details. 
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Figure  59.  Laminated  limestone  (dark)  and  calcareous  shale  (light)  in  uppermost  bed 
of  Bossardville  Limestone,  unit  12  of  measured  section  2.  Most  laminae  are 
graded.  Coarsest  lamina  thickens  to  right  and  contains  many  ostracode 
fragments  (o)  and  some  bryozoans  (b)  and  small  micrite  intraclasts  (i), 
some  of  which  are  recrystallized  to  spar  in  the  center.  A few  complete 
ostracode  carapaces  are  filled  with  micrite  (1)  or  spar  (2).  Angular  silt-  and 
very  fine  sand-sized  quartz  is  scattered  throughout.  Stratigraphic  top  is  up. 
Negative  print  of  thin  section. 


E Figure  60.  Micrite  intraclasts  (dark)  rimmed  by  encrusting  bryozoans  (arrows)  in 
irregularly  bedded  limestone  in  the  Bossardville  Limestone,  unit  7 of 
measured  section  2.  Cleavage  appears  as  irregular  white  lines.  Stratigraphic 
top  is  up.  Negative  print  of  acetate  peel. 
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Figure  61.  Mud  cracks  in  Bossardville  Limestone,  unit  3 of  measured  section  2. 

The  polygons  are  as  much  as  10  inches  long  and  are  tectonically  elongated 
from  left  to  right.  Note  shale  fillings.  Poison  ivy  in  lower  right  gives  scale. 
Figure  58  is  print  of  peel  of  rock. 


'The  shale  in  the  Bossardville  is  greenish  gray  (5GV6/1)  to  light-olive 
gray  (.'3Y6/1)  , weathers  grayish  orange  (l()YR7/4)  , and  is  calcareous  and 
partly  doloniitic.  X-iay  diliraction  analyses  of  the  shales,  as  well  as  the 
limestones,  show  that  the  clay  minerals  are  muscovite,  chlorite  and  mont- 
morillonite  (Figure  ,56B— see  discussion  under  Poxono  Island  Formation). 

In  the  Phillips  Petroleum  Company  exploration  well  No.  1 Graver 
Estate  (section  24),  the  Bossardville  is  between  a depth  oi  5,170  and 
5,255  feet  and  consists  of  very  fine  grained  argillaceous  and  silty  fossil- 
iferous  limestone  with  “psetulo-oolites”  (probably  bryozoan-  or  algal- 
encrusted  intraclasts)  and  black  silty  and  calcareous  shale. 

In  thin  section,  the  basal  laminae  of  graded  sequences  are  calcisiltites 
(Figures  62  and  6.S) , biosparrudites,  and  biomicrudites  (Figure  64),  with 
abundant  ]rellets  and  intraclasts  in  some  rocks.  Some  laminae  are  very 
fossiliferous  and  contain  abundant  ostracodes  (mostly  fragmented)  and 
some  bryozoans.  Sparse  shell  material  made  up  of  collophane  was  seen 
and  may  be  fragments  of  LiJ-igula.  Quartz  grains  are  scattered  throughout 
all  sections  studied  and  increase  in  abundance  upward  as  the  overlying 
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62 

-igure  62.  Photomicrograph  (crossed  polarizers)  of  calcisiltite  resting  on  micrite  in 
Bossardville  Limestone,  unit  13  of  measured  section  i.  The  rock  is  part 
of  a sequence  of  graded  laminae  of  calcisiltites  at  the  base  (calcite  grains 
are  the  same  size  as  angular  and  etched  quartz,  suggesting  that  the  calcite 
is  clastic),  grading  up  into  silty  biomicrite  (see  Figure  66)  and  partly 
pelletal  micrite.  The  contact  between  the  coarser  basal  laminae  and  micrite 
of  the  upper  part  of  the  underlying  graded  sequences  is  sharp,  as  shown 
here. 

-igure  63.  Photomicrograph  (plane-polarized  light)  of  ostracode  calcisiltite  in  Bossard- 
ville Limestone.  The  rock  is  made  up  of  angular  quartz  silt  (q),  abundant 
ostracode  fragments  and  complete  carapaces,  and  some  silty  micrite  intra- 
clasts (i).  Note  sparry  calcite  fillings  (s)  of  the  complete  shells.  Bedding  is 
horizontal  in  photograph.  Unit  5 of  measured  section  2. 


Decker  Formation  is  approached  (Figure  65)  and  may  make  up  25  per- 
cent of  the  rock.  The  cpiartz  ranges  from  silt  to  very  fine  grained  sand. 
It  is  generally  angular,  although  much  of  the  quartz  is  etched  and  re- 
placed by  calcite  so  that  the  original  shape  cannot  be  determined. 
Plagioclase  is  present  but  rare.  Grains  of  cjuartz,  calcite,  muscovite,  and 
micrite  fragments  or  intraclasts  are  commonly  the  same  size  in  many 
laminae,  suggesting  that  they  are  all  detrital.  Some  intraclasts,  however, 
are  larger  than  the  width  of  the  thin  section.  Euhedral  dolomite  rhombs 
were  seen  in  many  sections. 

The  basal  coarser  laminae  grade  up  into  biomicrudite,  biomicrite,  and 
Iriopelmicrite  (Figure  66)  . Many  laminae  have  been  disturbed  by  bur- 
rowing organisms.  Shell  material  is  less  abundant  and  smaller  than  in 
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Figure  64.  Photomicrographs  (plane-polarized  light)  of  intraclastic  biopelsparrudite  1 
and  probably  neomorphosed  biopelmicrudite  in  the  Bossardville  Lime- 
stone, unit  7 of  measured  section  2.  Fossils  are  ostracodes  (o)  and  bryozoans  i 
(b).  Pellets  (p)  are  abundant.  Intraclasts  (i,  outlined)  of  laminated  micrite  ; 
and  calcisiltite  are  common  and  are  more  than  7 mm  long.  Many  intraclasts 
are  surrounded  by  encrusting  Bryozoa  and  possibly  algae  but  are  not  seen 
in  these  photographs  (see  Figure  59).  Note  spar  fillings  of  voids  between 
shells,  intraclasts,  and  pellets.  Silt-sized  quartz  (q)  and  rare  plagioclase 
(pi)  are  scattered  throughout.  Much  of  the  finer  groundmass  is  made  up  of 
equigranular  microspar  (m),  so  some  of  the  rock  may  have  been  biopel- 
micrudite affected  by  aggrading  neomorphism  (see  Folk,  1965). 


underlying  coarser  laminae  and  is  generally  fragmental.  Micrite  intra- 
clasts also  occur. 

The  upper  finest  part  of  a graded  sequence  is  pelletal  micrite  (Figure 
62)  to  calcareous  shale.  The  top  is  generally  beveled  by  the  overlying 
coarse  bed.  Some  of  the  micrite  may  have  been  neomorphosed  to  micro- 
spar (Figure  64) . The  calcareous  shale  appears  as  concentrations  of  fine 
quartz  and  muscovite  and  rare  plagioclase  in  a matrix  of  micrite.  Some 
of  the  fine  laminae  are  less  than  0.04  mm  thick  and  appear  dark  (car- 
bonaceous film?)  in  plane-polarized  light.  These  may  be  of  organo- 
sedimentary  (algal)  origin. 

The  contact  between  the  Bossardville  Limestone  and  the  overlying 
Decker  Formation  is  placed  at  the  base  of  the  lowest  calcareous  siltstone 
or  sandstone  of  the  Decker.  This  boundary  is  transitional  because  some 
limestones  that  are  found  in  the  Decker  are  also  typical  of  the  Bossard- 
ville. Because  the  Decker  is  the  youngest  undisputed  Silurian  unit  (for 
example,  see  .Swartz  and  Swartz,  1941),  the  Bossardville  is  also  Late 
Silurian  in  age. 

The  Bossardville  Limestone  has  been  quarried  for  agricultural  lime  in 
the  past  and  is  presently  quarried  at  Bossardsville,  Pennsylvania,  for  con- 
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Figure  65.  Photomicrograph  (plane-polarized  light)  of  fossiliferous  quartzose  calci- 
siltite  in  the  Bossardville  Limestone.  Abundant  ostracode  fragments  (o) 
and  rare  cellophane  (Lingula?  fragment,  c)  are  parallel  to  bedding.  Angular 
to  subangular  quartz  silt  to  very  fine  sand  (q)  and  micrite  intraclasts  (i) 
make  up  about  25  percent  of  the  rock.  Some  micrite  (m)  fills  interstices. 
Calcite  grains  about  the  same  size  as  the  quartz,  and  apparently  derived 
from  fragmentation  of  shells,  make  up  the  remainder  of  the  rock.  This 
sample  is  from  unit  12,  the  top  bed  in  the  Bossardville  Limestone  at  meas- 
ured section  2,  and  demonstrates  the  increasing  quartz  content  as  the  over- 
lying  Decker  Formation  is  approached. 


Figure  66.  Photomicrograph  (plane-polarized  light)  of  biopelmicrite,  typical  of  laminae 
sandwiched  between  coarser  and  finer  grained  rocks  in  graded  sequences 
isee  Figure  62),  Bossardville  Limestone.  The  fossil  fragments  are  ostra- 
codes.  Bedding  is  vertical  in  the  photograph.  Unit  9 of  measured  section  2. 
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struction  materials  anti  limestone  “sweetener"  in  cement.  The  calcium 
carbonate  content  |)robably  varies  between  60  percent  in  the  more 
argillaceous  beds  to  9.7  percent  in  the  jmrer  beds  (see  chemical  analysis 
3 in  Table  .7)  . 


Decker  Formation 

Rocks  herein  assigned  to  the  Decker  Formation  were  originally  called 
Decker’s  Ferry  by  Wdiite  (1882)  along  the  Delaware  River  and  later 
inclutled  in  the  Keyset  (honp  along  with  the  overlying  Rondont  Forma- 
tion and  .Manlius  Fimestone  by  .Swart/  (1929)  and  later  workers.  The 
tripartite  division  could  not  be  recognized  in  the  Lehigh  River  area,  and 
these  rocks  were  assigned  to  the  Keyset  Limestone  by  Swartz  (1939)  and 
.Swartz  atid  Swartz  (19-11).  The  confitsed  history  ot  tiomenclature  was 
reviewed  by  Epsteiti  and  others  (1967)  who  defitied  the  Decker  Forma- 
tioti  east  ol  Bossardsville,  Petitisylvatiia  (20  miles  tiortheast  of  the  Lehigh 
River),  as  cotisistitig  ol  two  tnembers:  a litnestone  lacies  northeast  of  the 
Wallpack  Letiter  area,  New  Jersey  (Clove  Brook  Member)  , and  a sandier 
lacies  to  the  southwest  (\Vallpack  Center  Member)  . Exjjosures  of  the 
Decker  Formation  are  scatity  betweeti  Bossardsville  and  the  Lehighton  and 
Pahnet  toti  tptadratigles,  bitt  it  appears  that  tnost  ol  the  rocks  are  charac- 
teristic ol  the  Wallpack  Center  Member,  although  a few  feet  ol  fossilif- 
erous  limestone  at  the  base  of  the  lormation  exposed  only  near  Palmer- 
ton  is  simihir  to  rocks  in  the  Clove  Brook  Member.  Because  of  the  poor 
exposures  and  uncertainty  ol  lateral  continuity,  the  rock  unit  in  the 
leport  area  is  reterred  to  as  the  Decker  Formation. 

In  the  Lehighton  and  Palmerton  (|uadrangles,  the  Decker  Formation 
is  exposed  at  only  three  localities:  in  an  abandoned  (juarry  1,500  feet 
northeast  ol  the  Hazard  .School  in  Palmerton.  where  26  feet  of  rock  was 
measured  (measured  section  2):  in  a parking  lot  5,500  feet  east  of  Ash- 
field,  where  an  incomplete  thickness  of  .77  feet  was  measured  (measured 
section  3)  ; and  in  a 15-foot-long  exposure  in  a dirt  road  in  Aquashicola. 
F'dsewhere,  the  Decker  may  be  traced  by  float  of  siltstone,  sandstone,  and 
some  red  beds  along  the  south  slope  of  Stone,  Stony,  and  Chestnut 
Ridges,  but  lor  the  most  part,  even  the  float  is  covered  by  colluvium 
from  rock  units  above. 

Limestone  is  ;d)undant  in  the  lower  5 feet  ol  the  Decker  and  is  overlain 
by  about  70  feet  ol  calcareous  siltstone  ;ind  .sandstone.  These  rocks  are 
succeeded  by  about  20  feet  of  red  beds  (the  Andreas  Red  Beds  of 
Swai  tz  and  Swartz,  1911)  that  may  be  of  Decker  age  or  younger. 

d'he  limestone  is  generally  silty  to  finely  arenaceous  and  very  fine  to 
fine  grained,  but  some  beds  are  metlium  to  coarse  grained  and  contain 
medium-grained  cpiartz  sand  (Figure  67)  . Colors  of  fresh  rocks  are 
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Figure  67.  Photomicrograph  (crossed  polarizers)  of  pelletal  sandy  biosparrudite, 
Decker  Formation,  unit  17  of  measured  section  2.  The  rock  consists  of 
ostracode  fragments  (o),  rare  gastropods  (G),  subrounded  to  subangular 
quartz  grains  (q)  nearly  8 mm  long,  and  some  pellets  (p)  in  a sparry  calcite 
matrix.  The  limestone  rests  sharply  on  a calcareous  shale  in  which 
cleavage  (cl)  is  prominent. 


medium-dark  gray  (X4)  to  medium-light  gray  (X6)  . They  are  jiartly 
leached  iii  outcrop  and  weather  to  yellowish  brown  (l()YR,5/4),  medium 
gray  (N5)  to  medium-light  gray  (Xh),  and  light-bluish  gray  (.oB7/l). 
1 he  limestones  are  irregularly  laminated  to  micro  cross  laminated.  .Some 
beds  are  as  much  as  ().7r>  incli  thick.  Graded  beds  and  laminae  arc  com- 
mon (Figure  68)  . In  general,  coarse-grained  (|uart/ose  limestone  contain- 
ing shell  hash  (Figure  69)  and  limestone  iniraclasts  as  much  as  ,4  inches 
long  at  the  base  has  an  abrupt  lower  contact  with  (Figure  67)  and  grades 
up  into  calcareous  shale  or  shaly  very  hue  grained  limestone  containing 
scattered  fossils.  Fossils  in  the  limestones  include  abundant  whole 
carapaces  and  fragments  of  ostracodes,  some  biachiopods,  bryo/oans, 
stromatolite  hemisjrhcroids  of  low  reliei  (as  much  as  8 inches  in  diam- 
eter) and  crinkly  laminated  beds  believed  to  be  stromatolites,  and  rare 
acotlid  conodonts  {Figures  67-79). 

The  limestones  are  genei  ally  jrooi  ly  sorted  biomicruchtes  near  the  base 
(Figure  69)  and  become  richer  in  cjuart/  and  lose  much  of  the  miciite 
matrix  (indicating  greater  current  activity  resulting  in  winnowing) 
higher  up,  as  shown  by  the  sandy  biosjrarrudite  in  Figure  67.  Also  indica- 
tive of  stronger  current  action  are  oospaiites  (Figure  70).  The  oolites 
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Figure  68. 


''^estone  (dark)  and  calcareous  silty  shale  (light) 
Decker  Formation,  unit  17  of  measured  section  2 The  shale  is  nraded’ 
o^racode  fragments  are  more  abundant  at  the  base  of  a graded  unit  The 
hrnestone  contains  ostracodes,  bryozoans,  and  rare  gastropods  (bio- 

SXdismn^L'^  as  scattered  medium-grained  quartz  sand.  Beddilg  is 
partly  disrupted  and  limestone  mtraclasts  as  much  as  5 inches  long  are 
ound  m surrounding  beds.  Negative  print  of  acetate  peel.  Figure  67  is  a 
photomicrograph  of  a limestone  lamina. 


and  related  fossil  Iragnients  ami  intraclasts  are  well  sorted  and  cemented 
^vIt^  sjMiiy  calcite.  \'ery  little  micrite  is  present,  attesting  to  vigorom 

Interbedded  with  the  limestones  are  calcareous  and  partly  arenaceous 
p aty  to  massive  and  laminated  green ish-gi-ay  (5GY6/1)  siltstone  and 
med.nm-daik-gray  (N4)  to  medit.m-liglu-gray  (N6)  silty  shale  in  laminae 
and  beds  less  than  0.2.7  to  as  much  as  3 inches  thick.  These  fine  terri- 
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Figure  69.  Photomicrographs  (plane-polarized  light)  of  biomicrudite,  Decker  Forma- 
tion, unit  15  of  measured  section  2,  about  2 feet  above  base  of  formation. 
Ostracode  (o)  fragments  and  whole  shells  are  abundant,  brachiopod  (b) 
fragments,  Bryozoa  (br),  and  gastropods  (G)  are  less  common,  and 
conodonts  (c,  an  acodid  element)  are  rare.  Carapaces  are  filled  with  light 
sparry  calcite  or  dark  micrite.  Umbrellas  (u),  where  the  pore  space  in  the 
convex-upwards  shell  is  filled  with  sparry  calcite,  are  common.  Quartz  silt 
is  rare. 


geiioiis  clastic  materials  are  leached  and  weatheretl  to  gravish  orange 
(10YR7/4)  to  dark-vellowish  orange  (l()VR6/6)  and  moderate  brown 
(5YR3/4  to  5YR4/4) . 

Terrigenous  clastic  rocks  increase  in  abundance  above  the  basal  lime- 
stone in  the  lower  7 feet  of  the  Decker  Formation  and  are  predominantb' 
siltstones  and  r’ery  fine  grained  sandstones,  although  some  ot  the  sand- 
stones are  coarser  grained.  T he  sandstones  are  parth  laminated  and 
platv  (Figure  71)  to  massive.  Beds  are  as  much  as  3.5  feet  thick.  .Small- 
scale  cut-and-fill  structures  are  numerous.  Many  rocks  are  burrowed, 
apparently  more  extensively  near  the  base  ol  the  Decker  (Figure  72)  than 
in  immediately  overhang  beds  (Figure  73)  . Fossils  found  are  favosiiid 
corals,  ostracodes  (including  kloedenid  ostracodes)  , crinoid  columnals, 
and  brachiopods  (including  abundant  Eccenlricosta  jerse\e7}sis  that  gave 
these  rocks  a straticulate  appearance)  . .Ml  ot  the  sandstones  and  siltstones 
are  leached  in  outcrops,  aie  limonitic,  and  generally  weather  to  pale- 
yellowish  orange  (l()YR8/6)  to  dark-yellowish  orange  (lh\R6/6),  light 
brown  (5YR6/4)  and  moderate-reddish  orange  (lORfi/fi)  to  grayish  red 
(10R4/2). 
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Figure  70.  Photomicrographs  (plane-polarized  light)  of  oosparite  in  Decker  Formation, 
about  2.5  feet  above  base,  unit  15  of  measured  section  2.  The  well-sorted 
oolites  have  both  radial  and  concentric  structure.  Nuclei  in  the  oolites  in- 
clude brachiopod  (1)  and  ostracode  fragments  (2),  as  well  as  quartz  grains. 
Micrite-filled  ostracode  carapaces  (3)  and  intraclasts  of  pelsparite  (4)  i 
and  micrite  (5)  are  generally  about  the  same  size  as  the  oolites  (averaging 
about  0.5  mm),  although  some  intraclasts  of  silty  biomicrudite  (6)  are  as 
much  as  2 mm  long.  Scattered  angular  quartz  grains  (q)  do  not  exceed  0.4 
mm  in  length. 


In  the  water  well  drilled  lor  New  jersey  Zinc  Company  at  Palmerton 
(measured  section  4),  the  lowest  beds  of  the  Decker  Formation  are 
pebbly.  Five  feel  of  light-  to  medium-brown  coarse  conglomeratic  sand- 
stone was  penetrated  below  36  feet  of  sand  and  gravel  in  the  U.S.  Army 
Corps  of  Engineers  drill  hole,  400  feet  north  of  the  road  at  Walkton.  In 
the  Phillips  Petroleum  Comjjany  exploration  well  No.  1 Graver  Estate 
(measured  section  24)  , the  Decker  Eormation  is  interpreted  to  have  been 
]>enetrated  between  4,960  and  5,160  feet.  The  rocks  consist  of  fossiliferous 
conglomerate,  partly  conglomeratic  sandstone,  and  fine-grained  sandy 
limestone.  .Some  of  the  younger  beds  in  this  sequence  may  be  part  of  the 
overlying  Coeymans  Eormation,  but  pseudo-oolites  (jrrobably  oncolites) 
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in  unit  12  ot  measured  section  24  and  microlossils  (probably  leperditiid 
ostracodes)  in  unit  11  are  known  from  the  Decker  in  the  outcrop  belt, 
not  from  the  Coeymiins.  Stimples  between  4,460  and  4,965  feet  (coarse 
sandstone  and  argillaceous  limestone)  and  between  4,980  and  4,985  leet 
(argillaceous  coarse-gi ained  limestone)  were  examined  tor  microfossils 
in  order  to  establish  the  age  ot  these  rocks.  Unlortunately,  only  a lew' 
undiagnostic  brachiopod  fragments  w'ere  found. 

The  sandstones  are  graywackes.  They  have  a content  of  matrix  min- 
erals including  muscovite,  (juartz,  and  chlorite,  as  well  as  limonite  and 
some  calcite.  Some  contain  plagioclase  and  may  also  grade  into  sandv 
shaly  siltstone  (Figure  74). 

The  (piartz  in  the  sandstones  is  rotmded  to  angular:  larger  grains  are 
I more  rounded.  Most  (|uartz  occurs  as  single  giains  having  undulose 
extinction,  although  a few  grains  have  straight  extinction.  There  are 
some  polycrystalline  grains.  The  (|uart/  may  have  a limonite  “clay"  coat- 
ing or  is  in  [renetration  contact  with  other  grains.  Quartz  overgrowths 
are  common.  Some  grains  have  vermietdar  chlorite  inclusions  altered  to 
limonite.  Many  cpiartz  grains  are  corroded  along  their  edges  and  are 
replaced  by  muscovite.  Silt-  and  sand-sized  muscovite  is  abtindant.  Stib- 


Figure  71.  Platy  wavy-bedded  and  laminated  fossiliferous  partly  burrowed  siltstone, 
shale,  and  sandstone  in  the  Decker  Formation,  unit  20  of  measured 
section  2.  Hammer  gives  scale.  Figure  73  is  a close-up  of  the  rock,  and 
Figure  74  is  a photomicrograph. 


Figure  72.  Extensively  burrowed  calcareous  siltstone  to  very  fine  grained  sandstone, 
Decker  Formation,  about  13  feet  above  the  base,  unit  19  of  measured 
section  2. 

angular  to  lounderl  chert  inake.s  up  less  than  1 percent  ol  all  rocks  exam- 
ined. Plagioclase  is  even  less  abundant.  Small  amounts  of  limonitic 
brownish  mica  may  be  weathered  biotite.  Minor  rock  fragments  include 
shale  and  micaceous  sandstone.  Other  minerals  include  subordinate  sub- 
hedial  to  rounded  tourmaline,  zircon,  and  lesser  rutile,  as  well  as  variable 
amounts  of  leucoxene.  I'he  matiix  minerals,  in  decreasing  order  of 
abundance,  are  muscovite,  cjuartz,  and  chlorite,  with  variable  calcite 
(absent  in  thoroughly  leached  rocks) , limonite,  and  hematite. 

Ohemical  analyses  of  a dolomitic  shaly  limestone  and  calcareous  silty 
sandstone  ate  given  in  Table  d.  X-ray  dilfraction  analyses  show  that  all 
limestones  and  calcareous  shales  and  siltstones  contain  calcite,  muscovite. 
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Figure  73.  Unevenly  laminated  and  partly  burrowed  calcareous  shale,  siltstone,  and 
fine-grained  sandstone  in  the  Decker  Formation,  about  25  feet  above  the 
base,  unit  20  of  measured  section  2.  Figure  74  is  a photomicrograph  of  the 
rock. 


Figure  74.  Photomicrograph  of  laminated  and  partly  burrow  mottled  shaly  siltstone 
to  micaceous  fine-grained  graywacke.  Decker  Formation,  unit  20  of 
measured  section  2.  The  coarser  grains  are  quartz  and  minor  plagioclase 
(p).  These  float  in  a finer  muscovite,  quartz,  and  chlorite  matrix.  Figure  73 
shows  the  rock. 
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quartz,  and  lesser  chlorite,  and  mixed  layer  illite-montmorillonite  (Figure  i 
56,  sample  D).  Some  laminae  contain  nearly  as  much  dolomite  as  calcite  |j? 
(Figure  56,  sample  C)  , but  these  are  not  common.  The  weathered  sand-  I e, 
stones  and  siltstones  ot  measured  section  3 contain  quartz,  muscovite, 
some  feldspar,  degraded  chlorite,  and  kaolinite.  Degradation  of  the  ' 5 
chlorite  and  formation  of  kaolinite  are  due  to  weathering.  Pyrophyllite  ' 1 
was  found  in  the  Decker  and  other  formations  in  samples  from  the  i 1 
Phillips  Petroleum  exploration  well  No.  1 Graver  Estate  (measured  sec-  q 
tion  24) . ; i 

The  occurrence  of  pyrophyllite  is  of  interest  because  it  indicates  that  ^ 
the  rock  in  which  it  is  found  may  have  undergone  low-grade  metamor-  ; 
phism  (for  example,  see  Flosterman  and  others,  1970) . 

Overlying  the  sandstones  and  siltstones  just  described,  and  herein  ten- 
tatively  included  in  the  Decker  Formation,  is  a thin  sequence  containing 
red  beds  that  .Swartz  and  Swartz  (1941)  named  the  Andreas  Red  Beds. 

At  the  type  locality,  in  the  qtiarry  of  William  Loch,  0.5  mile  southeast  of 
Andreas,  Pennsylvania,  about  2 miles  west  of  the  southwest  corner  of  the 
Lehigh  ton  quadrangle,  the  Andreas  Red  Beds  are  17.5  feet  thick;  the  ; 
base  is  concealed  (.Swartz  and  Sw'artz,  1941).  ■ 

The  Andreas  Red  Beds  east  of  Andreas  are  only  exposed  about  1 mile  ' 
east  of  Ashfield  (measured  section  3),  where  the  unit  is  21  feet  thick.  ‘ 
It  can  be  traced  eastward  in  float  only  to  the  center  of  Palmerton,  but 
float  mapping  is  difficult  because  of  colluvial  cover.  The  red  beds  were  ' ' 
not  found  in  the  Phillips  Petroleum  Company  exploration  well  No.  1 | 
Graver  Estate,  4 miles  north  of  Palmerton. 

The  Andreas  at  section  3 consists  of  very  fine  to  very  coarse  grained 
and  conglomeratic  sandstone  (pebbles  are  as  much  as  ^/g  inch  long) , 
shale,  and  siltstone.  .Some  beds  are  burrowed.  The  red  beds  are  hematitic, 
some  are  oolitic  (ooids  average  about  0.3  mm  in  diameter)  , and  are  pale 
red  (5R6/2  to  lORfi/2),  grayish  red  (5R4/2) , and  moderate  red  (5R4/4) . 
Nonred  beds  weather  moderate  brown  (5YR4/4)  to  grayish  orange 
(10YR7/4)  and  pale-reddish  brown  (10R5/4).  The  sandstones  are  appar- 
ently  mostly  lithic  graywackes  (Figure  75)  , although  some  of  the  coarser  : ^ 
rocks  are  orthoquartzites  (Figure  76). 

The  Decker  Formation,  at  least  those  beds  below  the  Andreas  Red  ^ 
Beds,  is  Silurian  in  age;  it  contains  the  diagnostic  fossil  Eccentricosta  : j, 
jerseyensis.  The  fauna  is  discussed  more  fully  by  .Swartz  (1939)  and  , ( 
Swartz  and  Swartz  (1941).  ; I 

No  fossils  have  been  found  in  the  Andreas  Red  Beds.  The  unit  may  be  : [ 
of  Decker  (“Keyset”)  or  Stormville  (Coeymans)  age;  that  is,  latest  ^ 
Silurian  or  Early  Devonian  (.Swartz  and  Swartz,  1941;  Epstein  and  Epstein,  | 
1969),  or  it  may  be  separated  from  rocks  above  and  below  by  uncon-  | 
formities  and  be  correlative  to  rocks  present  to  the  east  in  the  Delaware  | 
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Figure  75.  Photomicrograph  (crossed  polarizers)  of  very  fine  grained  hematitic  lithic 
graywacke,  Decker  Formation  (possibly  basal  bed  of  the  Andreas  Red 
Beds  of  Swartz  and  Swartz,  1941),  unit  11  of  measured  section  3.  Quartz 
(q,  54  percent)  is  angular  and  mostly  single  grain  with  strongly  undulose 
extinction,  although  there  are  some  polycrystalline  grains;  many  quartz 
grains  have  rutile  inclusions,  and  most  have  corroded  edges  and  are 
replaced  principally  by  muscovite.  Muscovite  (m)  grains  are  about  the 
same  size  as  the  quartz  grains  and,  with  rock  fragments  of  micaceous  sand- 
stone and  shale  (r),  make  up  about  10  percent  of  the  rock.  Minor  mica  is 
limonitic  and  appears  to  be  weathered  biotite.  Chert  is  not  common. 
Rounded  zircon  and  green  angular  to  rounded  tourmaline  form  less  than 
0.5  percent  of  the  rock.  The  matrix  i36  percent)  is  mostly  made  up  of 
limonite  and  hematite  “clay,”  muscovite,  and  lesser  quartz. 

Figure  76.  Photomicrograph  (crossed  polarizers)  of  very  coarse  grained  orthoquartzite, 
Andreas  Red  Beds  of  Swartz  and  Swartz  (1941)  of  the  Decker  Formation, 
unit  13  of  measured  section  3.  The  rock  is  made  up  of  more  than  95  percent 
quartz  (q)  and  quartzite  (qz)  grains.  Note  bedding  (B)  in  laminated  quartzite 
grain.  Most  quartz  occurs  as  single  grains  with  undulose  extinction  or  as 
polycrystalline  vein  quartz.  Some  contain  vermicular  chlorite  altered  to 
limonite.  The  grains  are  well  rounded  to  subrounded.  Grains  have  pene- 
tration contacts  (at  1)  or  are  rimmed  with  hematite  and  limonite  (at  2).  A 
few  have  quartz  overgrowths  (at  3).  Rock  fragments,  mostly  micaceous 
and  siliceous  siltstone  (s),  are  rare. 


Water  Gap  area,  such  as  the  Ronclout  Formation  or  the  lower  part  of 
the  Coeymans  Formation. 

I'he  lowest  beds  in  measured  section  3 may  be  near  or  stratigraphically 
above  the  sequence  exposed  at  measured  section  2.  Theretore,  the  Decker 
is  at  least  80  ieet  thick,  including  the  Andreas  Red  Beds.  Swartz  and 
Swartz  (1941)  measured  93  feet  of  Decker  (their  “Keyser”) , althotigh 
they  described  39  feet  of  fossiliferotis  “impure  lumpy  limestone”  at  the 
base,  some  ol  which  might  be  placed  in  the  underlying  Bossardville  Lime- 
stone, as  defined  in  this  report.  At  Andreas,  in  the  cpiarry  of  William 
Loch,  Swartz  and  Swartz  (1941)  reported  a thickness  of  90  feet  of  their 
Keyser  Formation,  including  the  Andreas  Red  Beds,  but  some  of  the  basal 
beds  might  be  placed  in  the  Bossardville  (note  that  their  total  thickness 
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of  S]  feet  is  inconect  l^ecausc  ol  faulty  atlditiou).  I'hus,  the  total  thick- 
ness of  the  Decker  Formation,  including  the  Andreas  Red  Beds  of  Swartz; 
and  Swartz,  is  between  80  and  00  feet. 

J'he  contact  between  the  Decker  Formation  and  underlying  Bossard- 
ville  Limestone  is  placed  at  the  base  of  the  lowest  calcareous  siltstone  of 
the  Decker.  1 his  contact  is  ex|rosed  only  at  measured  section  2.  The 
upper  contact  ol  the  Decker,  exposed  oidy  at  section  3,  is  placed  at  the 
top  of  the  highest  red  bed  ol  the  .\ntfreas  Red  Beds.  The  Decker  is  over- 
lain  by  rocks  believed  to  be  the  Stormville  Member  of  the  Coeymans 
Formation  (see  below).  I'he  Rondout  Formation  and  lower  part  of  the 
Coeymans  Formation,  recognized  above  the  Decker  east  of  the  report 
area,  are  not  piesent  in  the  Lehighton  and  Palmerton  quadrangle  (see 
Epstein  and  Epstein,  1969,  Eigure  6)  . 

Because  the  Decker  cannot  be  readily  distinguished  from  the  overlying 
Stormville,  the  two  units  have  been  mapped  together. 

LOWER  DEVONIAN 

Stormtille  Member  of  the  Coeymans  Formation 

Fhe  Coeymans  Eormation  of  the  Helderberg  Group  was  named  by 
Clarke  and  Schuchert  (1899)  tor  strata  between  the  Manlius  and  New 
Scotland  Limestones  at  Coeymans,  New  York.  White  (1882)  included 
strata  in  eastern  Pennsylvania  in  his  Stornn  ille  Conglomerate  and  Storm- 
ville Limestone  which  were  later  correlated  with  the  Coeymans  by  Grabau 
(1906).  Epstein  and  others  (1967)  redefined  the  Coeymans  Eormation  in 
eastern  Pennsylvania,  New  Jersey,  and  southeasternmost  New  York.  In 
the  Stroudsburg- Bossardsville  area,  about  La  miles  northeast  of  the  Pal- 
merton quadrangle,  four  members  were  recognized.  These  are,  in  ascend- 
ing order,  the  Depue  Limestone  (limestone),  Peters  Valley  (arenaceous 
limestone  and  calcareous  conglomeratic  sandstone) , Shawnee  Island 
(limestone)  , and  Stormville  (calcareous  conglomeratic  sandstone  and 
arenaceous  limestone).  The  Coeymans  becomes  increasingly  arenaceous 
and  conglomeratic  southwest  of  the  New  York  border  (Epstein  and 
others,  1967)  , so  that  the  Storms  ille  is  the  only  member  of  the  Coeymans 
Formation  present  near  Knnkletown,  about  6 miles  east  of  the  Palmerton 
(piadrangle  (Epstein  and  Epstein,  1969).  Swartz  (1939,  Figure  17)  sim- 
ilarly showed  the  lateral  change  of  all  other  members  of  the  Coeymans 
into  w’hat  is  herein  called  the  Stormville  in  the  Palmerton  area.  From 
the  single  exposure  of  these  rocks  at  measured  section  3,  it  appears  that 
the  Stormville  continues  into  the  Lehighton  and  Palmerton  (jnadrangles. 

In  the  Knnkletowm  area,  the  Stormville  contains  Gypidula  coeymanen- 
sis,  a brachiopod  characteristic  of  the  Coeymans.  Unfortunately,  the  rocks 
are  deeply  weathered  at  their  only  exposure  in  the  report  area,  and  no 
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fossils  were  found.  Also,  the  Aiulieas  Red  lieds,  a uselid  marker  horizon 
below  the  Storiur  ille  in  the  Lehighton  tjuadrangle,  ilo  not  extend  to  the 
Kunkletown  area.  I'hereiore,  the  identification  of  the  Stormville  in  the 
Lehighton  and  Pahnei  ton  tjtiadrangles  is  open  to  some  (piestion,  but  the 
stratigraphic  position  of  these  rocks  strongly  suggests  its  correlation. 

I'he  reference  section  for  the  Stormville  Member  ol  the  Coeymans 
Formation  is  at  Hartmans  Clave,  2. a miles  southwest  of  Strotidsburg, 
Pennsylvania,  and  22  miles  northeast  of  Pahncrton  (Epstein  ami  others, 
1967)  . At  this  locality,  the  Stormville  is  2,5  feet  thick  and  consists  of 
meditim-gray  to  medi tun  light-gray,  fine-  to  coarse-grained,  conglomeratic, 
calcareous,  planar-bedded  and  crossbedded,  lentictilar,  partly  limonitic 
sandstone,  qtiartz-pebble  conglomerate  with  rotinded  pebbles  as  much  as 
1 inch  long,  and  fine-  to  coarse-grained  arenaceous  limestone.  The  unit  is 
fossiliferous,  containing  scattered  rugose  corals,  stromatoporoids,  crinoid 
coltnnnals,  and  Gyjyidula  coeymanensis.  Idle  rocks  weather  light-olive 
gray  to  medium-light  gray. 

In  the  Lehighton  tpiadiangle  (measured  section  3)  , the  Stormville  con- 
sists of  deejily  weathered  very  fine  to  very  coarse  grained  sandstone  and 
minor  shale  ami  siltstone.  Some  of  the  sandstone  is  conglomeratic,  con- 
taining rounded  and  stibrotnuled  tpiartz  pebbles  as  much  as  1/9  inch  long. 
Most  of  the  rocks  are  porous,  presumably  becatise  of  leaching  of  calcium 
carbonate.  Most  sedimentary  feattires  have  been  obliterated  by  weather- 
ing. Weathering  colors  are  generally  light  brown  (5YR5/6)  to  grayish 
orange  (10YR7/d)  and  dark-yellowish  orange  (10YR6/6),  moderate-orange 
pink  (5YR8/4)  to  moderate-reddish  orange  (lORfi/6),  and  grayish  red 
(5R4/2) . 

The  sandstones  in  the  Stormville  appear  to  be  better  sorted  than  those 
in  the  underlying  Decker  Formation.  Protoqnartzites  are  most  common 
(Figure  77) , but  some  of  the  rocks  may  be  orthoquartzites. 

X-ray  analyses  of  the  rocks  in  the  Stormville  show  them  to  be  made  up 
of  quartz,  muscovite,  and  kaolinite  (see  sample  E,  Figure  56) . The  kao- 
linite  is  undoubtedly  a weathering  product.  Minor  feldspar  was  found 
in  a few'  samples.  Chlorite  is  absent  to  minor  and  degraded. 

I’he  low'er  31.5  feet  of  the  Stormville  is  exposed  at  measured  section  3. 
Swartz  and  .Swartz  (1941)  measured  52  feet  of  sandstone  and  clay  in  the 
Kline  tunnel  at  Hazard.  They  tentatively  refeiTed  these  beds  to  the 
Coeymans  Formation  on  the  basis  of  stratigTaphic  position  because  no 
fossils  were  found. 

In  the  Phillips  Petroleum  Company  exploration  well  No.  1 Graver 
Estate  (measured  section  24) , rocks  believed  to  be  the  Coeymans  Eorma- 
tion  w'ere  found  betw’een  4,813  and  4,960  feet.  These  consist  of  fossilif- 
erous (brachiopods,  crinoid  columnals)  , cherty,  siliceous,  argillaceous, 
dark-gray  to  grayish-black  limestone  and  interbedded  black  shale.  These 
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Figure  77.  Photomicrograph  (crossed  polarizers)  of  medium-grained  protoquartzite 
in  the  Stormville  Member  of  the  Coeymans  Formation,  unit  19  of  measured 
section  3.  The  rock  is  made  up  predominantly  of  subangular  to  sub- 
rounded quartz  (q,  84  percent)  in  a matrix  (10  percent)  of  finer  quartz, 
muscovite,  altered  chlorite,  and  limonite.  Chert  (c),  siltstone  (s),  quartzite 
fragments,  muscovite  (m),  and  rare  tourmaline  and  zircon  form  the  re- 
mainder of  the  rock. 


are  not  sandy  as  in  the  outcrop,  representing  a seaward  decrease  in  terri- 
genous sediment. 


Xetv  Scotland  Formation 

I'he  New  Scotland  Formation  is  not  exposed  in  the  Lehighton  and 
Palmerton  ciuadrangles.  On  the  geologic  map  (Plate  1)  it  is  combined 
with  the  Shriver  Chert,  to  which  it  is  somewdiat  lithically  similar,  and  the 
Ridgeley  Formation.  The  combined  thickness  of  the  New  Scotland  and 
Shriver  Chert  is  41  leet  in  the  now-abandoned  Klines  tunnel  at  Hazard, 
Pennsylvania,  according  to  Swartz  and  Swartz,  (1941)  who  termed  the 
interbedded  white  chert  and  reddish  and  yellow  clay  the  New  Scotland 
Chert.  In  order  to  understand  the  nomenclature  of  these  rocks,  it  is 
necessary  to  describe  the  stratigraphy  between  the  Lehigh  River  and 
Delaware  River  to  the  east. 

The  name  New  Scotland  was  proposed  in  eastern  New  York  by  Clarke 
and  Schuchert  (1899).  Ecjuivalent  beds  in  eastern  Pennsylvania  are  the 
lower  part  of  White’s  (1882)  Stormville  Shales,  the  New  Scotland  Shale 
of  Willard  (1938),  New  Scotland  Shale  and  Limestone  of  Swartz  (1939) , 
and  New  Scotland  Chert  or  Formation  of  Swartz  and  Swartz  (1941).  The 
New  Scotland  was  established  as  a formation  and  was  divided  into  two 
members  in  easternmost  Pennsylvania  and  New  Jersey  by  Epstein  and 
others  (1967)— the  Flatbrookville  below'  and  Maskenozha  above— follow- 
ing the  earlier  recognition  of  its  twofold  nature  by  Swartz  (1939)  and 
Swartz  and  Sw'artz  (1941)  . 

The  New  Scotland  and  overlying  units  are  well  exposed  in  roadcuts 
along  U.S.  Interstate  80  through  Godfrey  Ridge,  2.5  miles  east  of  Strouds- 
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Inirg,  Pennsylvania.  I'lie  New  Scotland  there  is  about  75  leet  thick  and 
consists  ol  clai  k-gray  to  incdinin-dai  k-gray  silty  ctdctireons  lossililerons 
' shale  containing  beds  and  lenses  ol  incdiinn-gray  fine-giained  aigillaceons 
fossiliterons  limestone  and  dark-giac  chert.  Overlying  the  New  Scotland, 

I in  ascending  order,  are  the  Minisink  Limestone  (11  leet  thick;  argilla- 
ceous lossililerons  limestone),  the  Port  Kwen  Shale  (151  leet  thick;  calcare- 
1 ons  lossililerons  siltstone  and  shale)  , and  the  Oriskany  Group,  made  tip 
' of  the  Shriver  Chert  below  (85  leet  thick;  siliceons  calcareous  shale  and 
siltstone,  chert,  and  minor  sandstone)  and  the  Ridgelcy  Sandstone  above 
(16  feet  thick;  coarse-giaiined  lossiliferons  sandstone,  cpiartz-pebble  con- 
glomerate, and  minor  siltstone,  arenaceous  limestone,  and  chert).  Details 
of  the  lithology  of  these  rocks  are  given  by  Epstein  and  others  (1967), 
Epstein  and  Epstein  (1967,  1969),  and  Epstein  (1971,  1973), 

.Southwest  of  Bossardsville,  Pennsylvania,  which  is  about  20  miles 
northeast  of  Palmerton,  the  New  Scotland-Shriver  interval  is  deeply 
weathered  and  poorly  exposed.  The  best  cxposnre  in  this  area  is  near 
Knnkletown,  Pennsylvania,  in  the  clay  pits  of  the  Lbiiversal  Atlas  Cement 
Company,  4.7  miles  east  ol  the  Palmerton  cpiadrangle.  At  this  locality 
the  New  Scotland,  Shriver,  and  Ridgeley  are  exposed;  the  Minisink  Lime- 
stone and  Port  Ewen  Shale  are  not  represented  (Epstein  and  Epstein, 
1969,  Eigure  53).  Ehe  New  .Scotland  is  55  feet  thick  and  consists  of 
fossiliferons  weathered  (white  to  light-gray  and  pale-yellowish-orange  to 
light-brown)  clay,  chert,  and  silty  to  arenaceous  clay.  Near  the  top  are 
lenses  and  thin  beds  of  coarse-grained  sandstone  where  the  New  Scotland 
grades  into  the  overlying  Shriver.  The  lower  contact  is  sharp  where 
cherty  clay  of  the  New  .Scotland  rests  on  (juartz-pebble  conglomerate  of 
the  Stormville  Member  of  the  Coeymans  Formation. 

Fossils  from  the  lower  16  feet  of  the  New  Scotland  were  identified  by 
J.  M.  Berdan  and  J.  T.  Dntro,  jr.  (written  commnn.,  1968)  and  include 
the  brachiopods  Meristella  sp.,  Leptacna  “rJiomboidalis”  (Wilckens),  and 
“Schellwienella”  sp.  cf.  “.S.”  ivoohoorlbnna  (Elall)  . These  are  consistent 
with  a New  Scotland  age  (in  the  New  York  type  area)  , but  all  have  also 
been  reported  from  yotinger  beds. 

A more  direct  correlation  may  be  made  between  the  New  Scotland 
Formation  at  the  clay  pits  and  the  New  Scotland  in  Godfrey  Ridge. 
Approximately  400  silicified  ostracodes  were  recovered  from  the  lower 
16  feet  of  the  New  .Scotland  at  the  clay  pits.  About  100  specimens  were 
identifiable  to  a generic  or  specific  level.  These  were  identified  by  A.  G. 
Epstein  (written  commnn.,  1971)  ; her  report  is  as  follows: 

Ostracodes  present  in  the  collection  are: 
liollia  sp. 

FAicraterelUna  ohlonga  (Ulrich  and  Bassler) 

E.  raiidotphi  Wilson  [ = ':'Thlipsura  robiisin  of  .Swart?,  1932] 
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Reticestus?  retiferui  (Roth) 

Thlipiurella?  afi.  T.  jossaUi  (Roth) 

T.  ellipsoclefta  Swart/ 

All  these  species  were  also  fotiinl  in  collections  of  well-preserved  silicified  ostracodes 
from  the  New  Scotland  Formation  in  Godfrey  Ridge.  Collections  of  very  well  pre- 
served pyritized  ostracotles  from  the  tipper  20  feet  of  the  Port  Ewen  Shale  in  Godfrey 
Ridge  contain  EucratereUina  randolphi  Wilson  and  E.  ohlonga  (IHrich  and  Bassler) 
btit  lack  all  other  species  so  far  identified  from  the  Chestnut  Ridge  collection.  Port 
Fiwen  collections  from  Godfrey  Ridge  have  abundant  Huntonella  hransoni  Lundin, 
Poloniella  sp.,  and  Thlipsura  alf.  T.  furca  Roth.  These  species  were  not  found  in 
the  New  Scotland  in  Godfrey  Ridge  or  in  the  clay  pits  near  Kunkletown. 

Bollias  are  very  abundant  in  New  Scotland  collections  in  Godfrey  Ridge  but  have 
not  been  identified  in  uppermost  Port  Ewen  collections  in  the  same  area.  Approxi- 
mate! v 10  specimens  of  BoUia  sp.  tvere  found  in  the  clay. 

The  lower  Hi  feet  of  cherty  tvhite  clay  immediatelv  overlying  the  Stormville 
Member  of  the  Coeymans  Formation  in  the  clay  pits  is  therefore  probably  correlative 
with  part  of  the  New  Scotland  Formation  in  Godfrey  Ridge  because:  (1)  All  ostra- 
codes identifialtle  to  species  from  the  clay  also  are  found  in  the  Netv  Scotland 
Formation  in  Godfrey  Ridge,  whereas  onlv  two  of  these  species  have  been  found  in 
large  well-preserved  collections  from  the  tipper  Port  Ewen;  and  (2)  representatives 
of  some  species  known  to  be  abundant  in  the  Port  Ewen  in  Godfrey  Ridge  are 
absent  in  the  clay. 

Thus,  on  paleontologic  anti  lithologic  evidence,  the  New  Scotland 
Formation  extends  from  Godfrey  Ridge  to  the  Kunkletown  area  and 
presumably  into  the  Lehighton  and  Palmerton  quadrangles.  The  Mini- 
sink Limestone  and  Port  Ewen  Shale,  which  lack  chert,  are  not  present 
at  Kunkletown.  Whether  they  have  been  removed  by  erosion  or  were 
never  deposited  is  diffictilt  to  say.  Probably  their  absence  is  due  to  facies 
changes  (the  entire  sequence  becomes  more  cherty  and  sandier  to  the  west) 
and  to  thinning  by  a multitude  of  diastems  (the  bases  of  the  thin  sand- 
stones at  the  top  of  the  New  Scotland  and  in  the  overlying  Shriver  are 
minor  unconformities) . This  interpretation  is  also  supported  by  a fossil 
collection  from  the  top  of  the  New  Scotland  that  is  gradational  into  the 
Shriver  at  the  clay  pits.  The  fossils  were  identified  by  J.  M.  Berdan  and 
J.  T.  Dutro,  Jr.,  of  the  U.S.  Geological  Survey  (written  commun.,  1968). 
The  collection  contains,  among  other  poorly  preserved  brachiopods, 
Acrospirifer  sp.,  Megakozlowskiella  sp.,  Cyrtina  sp.,  Coelospira  sp.,  and 
Meristella  sp.  The  ostracodes  present  are  Bollia  zygocornis  Swartz,  Ulrichia 
sp.,  Pyxiprirnitia  sp.,  Craterellina  sp.  aff.  C.  robusta  Ulrich  and  Bassler, 
and  Thlipsiirella  piitea  Coryell  and  Cuskley.  The  presence  of  Acrospirifer 
suggests  that  this  collection  is  post-New  Scotland  in  age.  Although 
Thlipsurella  putea  is  a Haragan  (correlative  of  the  New  Scotland) 
species,  Bollia  zygocornis  is  from  the  upper  part  of  the  Shriver  Chert  of 
Maryland  and  central  Pennsylvania;  the  presence  of  the  other  ostracodes 
also  agrees  with  this  correlation. 
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Oriskany  Group 


Shriver  Chert 

Saiulstone,  chert,  and  siliceous  and  .irgillaceons  limestone  o\erlying  the 
New  Scotland  Formation  in  the  l.ehigh  Gap  area  and  the  Port  Ewen 
Shale  in  the  Delaware  \\hiter  Gap  area  were  included  in  the  Meridian 
Series  ot  Rogers  (185H)  and  in  the  Oriskany  Sandstone  and  Stormville 
Shale  ot  White  (1882).  Fhe  name  Oriskany  was  first  proposed  by 
\hiniixem  (1839)  for  the  sandstones  at  Oriskany  Falls,  New  York. 

Near  Stroudsljtirg  in  easternmost  Pennsylvania,  the  Oriskany  Crioup  is 
transitional  into  the  underlying  Port  Ewen  Shale  through  a secjuence 
of  interbedded  sandstone,  chert,  argillaceous  limestone,  and  calcareotis 
shale.  Sandstone  is  more  abtmdant  upwards  and  tlominates  the  section 
at  the  top.  Cleaves  (1937)  snmmari/ed  the  nomenclattiral  history  of  the 
Oriskany  in  Pennsylvania,  recognized  the  twofold  nature  of  the  grotip, 
and  di\  ided  it  into  the  Ritlgeley  Formation  above  and  the  Shriver  Forma- 
tion below.  Fhe  base  was  placed  at  the  bottom  of  the  lowest  chert  above 
the  Port  Ewen.  Eater,  Cleaves  (1939)  was  hesitant  in  tissigning  the  lower 
Oriskany  to  the  Shriver  and  placed  these  rocks  in  the  lower  jtart  of  the 
Ritlgeley  Formation,  having  exjjlained  (Cleaves,  1938,  p.  1109)  that 
“.  . . the  Shriver  can  not  be  established  because  oi  paleontological  de- 
ficiencies. . . .”  Swartz  and  Swartz  (19-11)  tised  the  names  Oriskany  Sand- 
stone and  Oriskany  Shale  for  the  corresponding  tmits.  'Whllard  (1952) 
also  maintained  that  the  Shriver  was  absent  in  eastern  Pennsylvania. 
According  to  Swartz  and  Swartz  (1941),  their  Oriskany  Shale  is  similar 
lithically  and  has  the  same  stratigraphic  position  as  the  Shriver,  but  the 
fossils  are  sparse  and  do  not  aid  in  correlation.  Accepting  the  thesis  that 
age  does  not  make  a formation,  Epstein  and  Epstein  (1967,  1969)  re- 
tained the  name  Shriver  in  eastern  Pennsylvania  in  the  way  Cleaves  first 
described  it,  because  it  is  an  easily  recognizable  secpience.  T he  name 
Shriver  Chert  was  retained  following  the  original  usage  of  Swartz  (1913)  . 
It  was  named  for  ex[)osnres  at  Shriver  Ridge,  at  Ctmiberland,  Maryland. 

In  the  Eehighton  and  Palmerton  c]nadrangles,  the  tipper  6 leet  ol  the 
Shriver  Chert  is  exposed  along  the  Northeast  Extension  of  the  Penn- 
sylvania Turnpike  and  the  upper  3 feet  in  the  .Ylliance  Sand  Company 
quarry  immediately  north  of  Palmerton.  These  rocks  consist  of  white, 
irregtdarly  bedded  to  nodular,  tossiliterous  (with  spiriferid  brachiopods) 
chert  and  very  pale  yellowish  orange  (l()VR9/6)  to  grayish-orange 
(I0YR7/4)  medium-  to  very  coarse  grained  conglomeratic  sandstone. 
Beds  are  as  mtich  as  1 foot  thick.  Red  and  brown  iron  staining  is  com- 
mon. Sand  grains  float  in  the  chert  and  are  replaced  bv  the  chert  (Figure 
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Figure  78.  Photomicrograph  (crossed  polarizers)  of  cherty  very  coarse  grained  sand- 
stone (probably  an  orthoquartzite)  in  uppermost  2 feet  of  Shriver  Chert  of 
the  Oriskany  Group,  Alliance  Company  sand  quarry,  2,000  feet  northeast 
of  the  Hazard  School  in  Palmerton.  The  quartz  (q)  grains  have  strongly 
undulose  extinction.  Chert  (c)  embays  and  replaces  the  quartz  grains  as 
well  as  silica  overgrowths  (arrow).  The  contact  between  the  chert  and 
quartz  is  marked  by  a thin  limonitic  “clay”  rind,  similar  to  a stylolite. 
Limonite  specks  (I)  are  scattered  throughout  the  chert.  Subhedral  zircon 
is  rare. 


78)  . Quartz  pebirles  are  as  much  as  inch  in  diameter.  These  are 
generally  well  rounded;  finer  quartz  grains  are  subangular  to  rounded. 

As  seen  in  thin  section,  the  sandstones  in  the  Shriver  range  from 
orthoquartzites  to  protocjuartzites  (Figure  78)  . The  t|uartz  grains  are 
mostly  single  grains  having  strongly  undulose  extinction.  Vermicular 
chlorite  incltisions  are  common,  as  are  silica  overgrowths.  The  matrix, 
which  is  estimated  to  range  from  abotit  3 to  10  percent,  consists  of  finer 
quartz  grains  and  iron-stained  mica.  The  chert  replaces  quartz  grains  and 
consists  of  a mosaic  of  irregidar  cpiartz  crystals  less  than  0.002  mm  long 
to  more  than  0.07  mm. 

Because  only  the  tqjper  part  of  the  Shriver  Chert  is  exposed,  the  thick- 
ness is  not  directly  obtainable.  At  the  clay  pits  of  the  Universal  Atlas 
Cement  Conqiany  near  Kunkletown,  Pennsylvania,  4.7  miles  east  of  the 
Palmerton  quatlrangle,  the  Shriver  is  46  feet  thick  (Epstein  and  Epstein, 
1969,  Eigure  .53).  It  thins  westward  and  is  probably  about  25  feet  thick 
in  the  Lehighton  and  Palmerton  quadrangles. 

1 he  contact  between  the  Shriver  Chert  and  overlying  Ridgeley  Sand- 
stone is  abrupt  and  is  placed  at  the  base  of  the  predominantly  sandstone 
interval  of  the  Ridgeley. 

ENVIRONMENTS  OF  DEPOSITION  AND  PALEOGEOGRAPHY 
OF  ORDOVICIAN  THROUGH  LOWER  DEVONIAN  ROCKS 

An  interpretation  of  tlie  dejjositional  environments  and  paleogeogra- 
phy  of  the  rocks  in  the  Lehighton  and  Palmerton  quadrangles  may  be 
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made  by  study  ol  tlicii  setlimeutary  structures,  ref^ional  stratigraphic 
relations,  petrogi  aphic  charactei  istics  and  launal  content,  .end  Ijy  com- 
paring these  rocks  with  sediments  that  are  ireing  deposited  today,  d’hc 
details  on  which  these  interpretations  are  based  are  given  in  the  preced- 
ing section  on  bedrock  stratigraphy.  In  general,  the  Middle  Ordovician 
through  I.ower  Devonian  strata  ate  a sedimentary  cycle  related  to  the 
waxing  and  waning  ot  Faconic  tectonism.  The  secpience  begins  with  a 
graywacke-argillite  suite  (.Martinsburg  Formation)  representing  synoro- 
genic  basin  deepening.  Fins  was  iollowed  by  basin  filling  and  prograda- 
tion  ot  a sandstone-shale  clastic  wedge  (.Shawangtink  Formation  and 
Bloomsburg  Red  Beds)  derived  from  the  erosion  ol  the  mountains  that 
were  uplifted  tltning  the  laconic  orogeny.  The  secpience  closed  with 
deposition  of  many  thinner  units  of  carbonate,  sandstone,  shale,  and 
chert  on  a shelf  probably  marginal  to  a land  area  of  low  relief,  .\nother 
tectonic-sedimentary  cycle,  related  to  the  Acadian  orogeny,  began  with 
deposition  of  .Middle  Devonian  rocks. 

Rocks  older  than  the  Martinsburg  Formation  are  exposed  south  of 
the  Lehighton  and  Palmerton  cpiadrangles.  Fhe  rock  record  indicates  that 
this  area  was  a tidal  Hat  and  shallow  shell  during  the  Cambrian  and 
Early  Ordovician  (Harclyston  Quart/ite,  Feithsville  Formation,  Allentown 
Dolomite,  and  Beekmantown  Grou]>:  dolomite,  limestone,  orthoc]tiartzite, 
and  arkose).  Just  prior  to  deposition  of  the  Martinsburg  Formation,  the 
onset  of  basin  deepening  is  marked  by  calcilutite  and  calcarenite  ol  the 
Jacksonburg  Fimestone.  Flysch-type  sedimentation  and  basin  deepening 
culminated  in  Martinsburg  time. 

Marfinsbttrg  Formation 

Fhe  Martinsburg  Formation  is  a thick  monotonous  llyschlike  secpience 
of  shale  (metamorphosed  to  slate)  and  graywacke-sandstone  and  siltstone, 
probably  111, 000  to  13,000  feet  thick  in  the  Lehigh  Valley.  McBride  (11)02) 
studied  the  Martinsbtirg  of  Pennsylvania  and  adjacent  states  and  con- 
cluded that  these  rocks  were  deposited  in  deejr  water,  partly  by  turbidity 
ctirrents.  Van  Hotiten  (1954)  arrived  at  a similar  conclusion  in  the  Dela- 
ware River  area  of  New  Jersey. 

The  laminated  and  poorly  fossiliferous  shales  (only  graptolites  have 
been  found)  were  the  “normal"  slow  rain  ot  (hemi-)  pelagic  muds  de- 
posited in  the  cpiiet  bathyal  and  perhaps  abyssal  waters  below  wave  base, 
probably  more  than  1,000  feet  deep.  The  graywackes  are  immature  sedi- 
ments that  contain  sedimentary  features  characteristic  ot  ttirbidity  cur- 
rents, such  as  graded  bedding  (although  grading  may  not  be  apparent  in 
many  units  because  of  the  fine-grained  nature  of  the  rock)  , parallel  and 
cross  lamination,  sole  marks,  shale  pebbles,  sandstone  dikes,  and,  nega- 
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lively,  absence  of  shallow-waier  fauna  except  allochthonous  clasts  of 
comminuted  crinoids  and  brachiopods  probably  derived  from  the  adjoin- 
ing continental  shelf,  as  well  as  absence  of  such  shallow-water  sedimentary 
features  as  winnowed  sand  and  mud  cracks.  The  graywacke  turbidites  were 
apparently  dumped  on  top  of  the  shales  (sharp  contacts  between  the 
graywackes  and  underlying  shales  are  common)  as  a viscous  fluid  flow. 
I’hey  were  derived  from  shallower  dejiths,  triggered  into  movement  by 
earthtjuakes  associated  with  l aconic  tectonism,  or  perhaps  by  storms  or 
undercutting  of  steep  slopes,  and  aided  in  their  movement  by  liquefac- 
tion under  gravity.  The  graywackes  are  thus  blanket  deposits  that  were 
spread  out  over  the  deep  sea  floor  and  suddenly  covered  the  underlying 
muds.  The  beds  in  the  Martinsburg  are  fairly  even  and  persist  for  dis- 
tances greater  than  the  length  of  individual  outcrops,  but  because  of 
poor  exposure,  lateral  continiuties  are  not  known.  Behre  (1933)  mapped 
beds  for  distances  greater  than  several  miles  between  the  slate  quarries 
that  were  active  at  the  time.  Paleocurreni  data  led  McBride  (1962)  to  the 
conclusion  that  the  Martinsburg  trough  paralleled  the  present  outcrop 
belt  and  that  the  sediments  were  derived  from  sourcelands  to  the  south- 
east, although  some  of  the  material  was  transported  parallel  to  the  axial 
part  of  the  trough. 

The  mineralogy  of  the  Martinsburg  grayw'ackes,  dominated  by  mus- 
covite, chlorite,  quartz,  and  calcite,  with  minor  amounts  of  biotite,  high 
sodic  plagioclase,  and  a mature  heavy-mineral  suite  (mostly  rare  zircon 
and  tourmaline)  , along  with  chert  and  rock  fragments  of  shale  and 
possibly  slate,  indicate  a source  that  included  .sedimentary  and  low-grade 
metamorphic  rocks  and  possible  contributions  from  volcanic  rocks. 

Shawangunk  Formation 

In  Late  Ordovician  time,  the  Taconic  orogeny  reached  its  peak,  and  the 
area  was  iqrlifted  above  sea  level;  the  Martinsburg  is  succeeded  by  a 
molasse  and  carbonate-orthoquartzite  sequence  of  Silurian  (possibly  latest 
Ordovician)  to  early  Middle  Devonian  age.  The  inferred  environments 
of  deposition  of  these  rocks  in  the  area  between  the  Delaware  River  and 
Lehighton  (juadrangle  in  eastern  Pennsylvania  is  shown  in  Figure  79. 
Most  of  these  interpretations  are  given  by  Epstein  and  others  (1967)  and 
Epstein  and  Epstein  (1967,  1969,  1972). 

The  clastic  sequence  (mola.sse)  in  the  Lehigh  Gap  area  consists  of 
three  distinct  units:  a basal  conglomerate  and  sandstone  (Welders  and 
Minsi  .Members  of  the  Shawangunk  Formation);  very  fine  to  medium- 
grained sandstone,  siltstone,  and  shale  (Lizard  Creek  Member  of  the 
Shawangunk  Formation);  and  an  iqrper  red-bed  sequence  of  fine-  to 
coarse-grained  sandstone,  siltstone,  and  silty  shale  (Bloomsburg  Red 


STRATIGRAPHY 


',15 


Beds).  These  lorni  a wedge  ol  lenigenous  sediment  tlerived  iroin  source- 
lands  to  the  soutlieast.  This  clastic  wedge  is  considered  to  lie  predoini- 
nantlv  Uncial  in  oiigin,  but  the  Ti/ard  (ireek  Meinlrer  is  a tiansitional 
marine-contiuental  lacies  and  parts  ot  the  Bloomslnirg  m,iy  liave  been 
deposited  in  a shallow-marine  enc  ironment,  I he  lollowing  discussion  ol 
the  Shacvaiigunk  Tormation  is  condensed  trom  Tpstein  and  Tpstein 
(1972,  p.  16-23) . 

Previous  workers  hace  consideied  the  Shawaiigunk  to  be  deltaic,  Unc  ial, 
littoral,  or  tidal  in  origin.  Regional  stratigraphic  relations,  sedimentary 
structures,  and  petrographic  characteristics  discussed  in  the  section  on 
stratigraphc  suggest  that  the  .Shacvangunk  kormation  is  a cvedge  ot  clastic 
material,  shed  dui  ing  a period  ot  intense  alluviation  trom  a linear  high- 
land source  to  the  southeast  that  cvas  uplilted  during  the  Taconit  orogeny, 
and  cvas  deposited  by  rapidly  ilocving  streams  (Weideis  and  .\Iinsi  Mem- 
bers) and  also  in  a transitional  marine-continental  environment  (Lizard 
Creek  .Member)  (Figure  79)  . 

Uplilt  ill  the  souice  area  initially  cvas  rapid,  as  indicated  by  the  large 
pebbles  iti  basal  beds  ot  the  ^Veiclers  Member.  .Shallocv-marine  sediments 
that  cvoLild  hac  e heralded  the  ai  ric  al  ot  the  fu  st  flue  ial  sediments  presum- 
able’ overlay  the  Martinsburg  Tormation  atone  time  but  cvere  eroded  by 
the  streams  that  ultimately  deposited  the  basal  Shacvangunk.  'Thus,  there 
is  a marked  unconlormitc  beteveen  the  tevo  lormations.  In  general,  the 
Shacvangunk  is  finer  grained  higher  in  the  section,  representing  a trans- 
gressive phase  and  suggesting  that  the  nplilting  orogenic  forces  had 
peaked  and  that  the  source  area  cvas  progressively  locvered  concomitant 
with  basin  subsidence.  regTCssive  phase,  or  progradation  ot  fluvial  sands 
over  marginal  marine  sediments  ot  the  Ti/ard  Creek  Member,  is  indicated 
by  the  overlapping  of  coarse-grained  rocks  of  a tongue  ot  the  Tammany 
Member  (see  Figure  7). 

The  Weiders  Member  of  the  .Shacvangunk  Formation  is  characterized 
by  sharp  alternations  of  polymictic  conglomerate  evith  cpiartz  pebbles 
as  much  as  6.5  inches  long,  medium-  to  very  coarse  grained  submature  to 
immature  sandstone,  and  minor  argillite.  The  bedforms,  indicative  of 
rapid  flocv  and  including  a possible  antidune  (see  Epstein  and  Epstein, 
1969,  Fdgure  50),  sedimentary  structures  (planar  bedding,  indistinct  bed- 
ding, crossbedding,  scour-and-fill),  and  petrographic  characteristics  of 
the  sandstones  and  conglomerates,  as  cvell  as  the  nearly  complete  absence 
of  fine  siltstone  and  shale,  indicate  deposition  by  streams  that  had  high 
competency,  steep  gradients,  and  erratic  fluctuations  in  current  flocv  and 
channel  depth.  These  features  are  characteristic  of  braided  streams  with 
many  anastomosing  channels  or  anabranches  surrounding  alluvial  islands 
or  bars.  Rapid  runolt  cvas  undoubtedly  aided  by  the  lack  of  land  vegeta- 
tion during  the  Silurian.  The  few  thin  pelites  present  are  mere  relicts 
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ot  any  fine  sedimenis  that  may  have  been  deposited.  Some  of  the  mud 
was  incorporated  in  the  coarser  sediment  as  flattened  shale  pebbles  or 
mud  balls  (Figure  10). 

Paleocurrent  trends  from  crossbedding  vectors  in  the  Weiders,  as  well 
as  in  all  units  considered  to  be  fluvial  in  the  Shawangunk,  are  unidirec- 
tional to  the  northw’est  (Figine  80),  as  first  recognized  by  Yeakel  (1962) 
who  supported  a fluviatile  environment  for  the  Shawangunk.  Pebbles  in 
at  least  one  bed  of  the  Afinsi  Member  are  mainly  oriented  parallel  to 
the  current  direction  indicated  by  crossbedding,  and  a smaller  mode  is 
oriented  at  nearly  right  angles  to  that  direction  (Figure  81) . 

The  Minsi  Member  is  similar  to  the  underlying  Weiders  except  that  the 
pebbles  are  smaller  (less  than  2 inches  long),  and  argillites,  representing 
overbank  and  backwater  deposits,  or  mud  deposited  during  waning  flow 
in  a channel,  are  more  abundant.  Mud  cracks  are  present  in  the  Minsi  at 
Delaware  Water  Gap  (Epstein  and  Epstein,  1969,  Eigure  8),  showing  that 
these  deposits  were  subject  to  subaerial  exposure.  Numerous  sedimentary 
units  are  superimposed,  as  in  the  Weiders  Member,  and  here  also  repre- 
sent deposition  by  braided  streams.  The  finer  grain  size,  however,  sug- 
gests that  the  source  highlands  were  lowered  or  eroded  back  at  this  time. 

I'he  coarse  clastic  rocks  of  the  Minsi  Member  grade  rapidly  up  into 
sandstone,  siltstone,  and  shale  of  the  Lizard  Creek  Member  (Figure  25). 
This  is  interpreted  to  indicate  that  the  Minsi  alluviated  coastal  plain 
merged  into  braided  Hats  in  a complex  transitional  (continental-marine) 
environment  (Figure  79)  . The  following  subenvironments  were  probably 
rejrresented:  tidal  flat,  barrier  bar  or  beach,  estuary,  tidal  channel  and 
gidly,  lagoon,  and  shallow  subtidal. 

Both  currents  and  waves  formed  the  sedimentary  structures  on  the  tidal 
flats,  producing  irregidarly  bedded,  laminated,  and  lenticular  sandstone, 
siltstone,  and  shale.  Flaser  bedding  (ripple  lensing)  (Figure  26) , scour- 
and-fill  structure,  minute  load  casts,  and  crossbedding  are  common  and 
are  analogous  to  features  in  modern  sediments  reworked  by  tidal  cur- 
rents, especially  in  tidal  channels.  Laminated  shales  to  fine  sandstones, 
locally  common  in  the  Lizard  Creek,  were  probably  deposited  from 
suspension  under  trancpiil  water  conditions,  such  as  found  in  lagoons. 
.Some  of  the  laminated  red  beds  may  have  been  deposited  in  high  tidal 
flats  and  partly  bound  by  algae.  Similarly,  red  burrow-mottled  siltstones 
may  have  formed  as  supratidal  deposits  in  the  oxidizing  zone  above  mean- 
tide  level;  these  wonld  be  landward  etpnvalents  of  intertidal  green  beds. 

Burrow  mottling  indicates  that  the  tidal  flats  were  reworked  by  orga- 
nisms whose  remains  have  not  generally  been  preserved.  The  few  fossils 
that  have  been  found  are  consistent  with  the  interpretation  of  a tidal-flat 
environment:  linguloitl  brachiopods,  ArthropJiyciis,  eurypterids,  and 
Dipleurozoa. 
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Figure  80.  Histogram  showing  current  trends  from  crossbedding  in  the  Shawangunk 
Formation  at  Lehigh  Gap  (18  readings).  Beds  rotated  to  horizontal. 


Some  crossbeclded  sandstones  with  pronounced  truncated  bases  and 
containing  flattened  mnd  clasts  or  mud  galls  (derived  either  from  re- 
worked curled  mud  cracks  or  from  slumped  mud  banks  undercut  by 
tidal  creeks)  mav  be  tidal-channel  or  tidal  gully  deposits.  Many  of  the 
sandstones  at  Lehigh  Gap  grade  up  into  flaser-bedded  and  laminated 
siltstone.  fine  sandstone,  and  shale,  and  are  probably  fining-upward  de- 
posits of  meandering  tidal  creeks.  These  intervals  are  generally  a few 
feet  thick. 


MEAN  CURRENT  TREND 

FROM  CROSSBEDDING  IN  Percent 

SHAWANGUNK  FORMATION  ^,4 
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Figure  81.  Pebble  orientation  in  the  Minsi  Member  of  the  Shawangunk  Formation.  A.  Bedding  surface  of  quartz-pebble  conglomerate  in 
the  basal  part  of  the  Minsi  Member.  Pen  points  down  to  the  northwest  in  the  direction  of  current  flow  as  determined  by  nearby 
crossbedding.  Unit  15  of  section  3,  Epstein  and  Epstein,  1972,  p.  31-41.  B.  Histogram  showing  orientation  (in  northwest  and 
southwest  quadrants)  of  long  axes  of  70  pebbles  in  bed  shown  in  A.  The  mean  current  trend  from  crossbedding  is  from  Figure  80. 
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Rock  sequences  at  Lehigh  Gap  containing  thick  crossbedded  sandstone 
(Figure  27)  with  mud  clasts  may  have  been  fluviatile  sediments  that  pro- 
graded  onto  the  Hats  or  may  have  been  estuarine  sediments  that  were 
carried  into  the  transitional  environments  under  the  influence  of  cur- 
rents generated  by  streams.  These  beds  are  tongues  extending  from  the 
fluvial  Tammany  Member  to  the  northeast  (see  Figure  7). 

Many  sandstones  in  the  Lizard  Creek  that  appear  evenly  textured  and 
massive  in  outcrop  are  actually  finely  bedded  to  laminated.  These  are 
mature  calcareous  sandstones  (generally  orthoquartzites)  containing 
heavy  minerals  concentrated  in  laminae,  and  some  may  have  primary 
current  lineation.  They  are  interpreted  as  beach  or  bar  deposits  asso- 
ciated with  the  tidal  flats. 

Collophane  (calcium  fluorapatite)  , siderite,  and  chlorite  nodules 
found  at  Lehigh  Gap  (Figures  38,  40)  are  unique  to  the  Lizard  Creek. 
Many  soft-rock  features  shown  in  Figure  38  indicate  that  the  nodules 
formed  as  early  diagenetic  replacements  in  an  agitated  environment  and 
that  transport  of  the  nodules  was  slight.  Shell  fragments  of  linguloid 
brachiopods,  probably  Lmgula  (Figure  39) , suggest  that  these  nodules 
formed  in  shallow  warm  and  possibly  brackish  waters,  at  depths  probably 
less  than  60  feet  (Craig,  1952),  or  even  in  lagoons  (Cocks,  1967).  Of  five 
Silurian  benthonic  marine  communities  recognized  in  Upper  Llandovery 
(Lower  Silurian)  rocks  in  the  British  Isles,  the  Lingula  community  was 
regarded  as  “being  the  closest  to  shore,  that  is,  adjacent  to  areas  of  non- 
marine redbed  deposition”  (Ziegler  and  Boucot,  1970,  p.  95).  Thompson 
(1968)  noted  linguloid  brachiopods  in  troughs  or  swales  betw’een  sand 
bars  in  the  lower  intertidal  zone  of  the  Colorado  River  delta.  Thus,  find- 
ing Lingula  reworked  in  beach  sands  (Figure  38A)  is  not  unusual. 

The  collophane  nodules  appear  to  have  formed  as  concretionary  masses 
by  precipitation  of  carbonate  fluorapatite  from  sea  water  (Figure  38)  and 
as  replacements  of  siltstone  and  shale  (Figures  38  and  40) . The  ultimate 
source  of  the  phosphate  was  dissolved  phosphorous  either  carried  in  by 
streams  or  brought  into  the  shallow  nearshore  waters  by  downw’elling 
currents  from  farther  offshore  (Gulbrandson,  1969).  The  phosphate  w’as 
tied  up  in  and  concentrated  in  the  hard  parts  of  organisms  such  as 
Lingula  and  eurypterids,  and  was  concentrated  into  nodules  upon  the 
death  and  decomposition  of  the  animals.  There  can  be  little  doubt  that 
the  phosphate  nodules  are  of  very  shallow  w'ater  origin  (see  Bushinski, 
1964). 

The  long  linear  outcrop  belt  of  the  Weiders  and  Minsi  Members  sug- 
gests that  these  lower  coarse  clastic  sediments  of  the  .Shawangunk  Forma- 
tion were  deposited  on  a coastal  plain  of  alluviation  with  a linear  source 
to  the  southeast  (Figure  79)  . The  large  pebbles  in  the  Weiders  (more 
than  6 inches  long  in  places)  suggest  that  the  Fall  Line  may  have  been 


102 


I.I  HIGHTON  AND  PAI.MF.RTON  OUADRANGI.FS 


in  the  area  ot  tlie  Reading  Prong  not  tar  to  the  southeast  (see  Yeakel, 
1962).  Abundant  pelitic  fragments  in  basal  conglomerates  argue  against 
long-tlistance  transport  of  these  clasts.  The  maturity  of  the  pebbles 
(cpiart/,  chert,  sandstone,  and  cpiart/ite)  and  of  the  nonopacjue  heavy 
minerals  (jrreponderance  ot  zircon  and  tourmaline,  many  grains  of  which 
are  rounded)  suggests  a sedimentary  source.  Biotite,  fragments  of  meta- 
(juart/ites,  and  rare  grains  of  slate,  as  well  as  abundant  sand-sized  grains 
of  detrital  muscovite,  indicate  that  the  source  rocks  were  partly  made  up 
of  low-grade  metamorphic  rocks.  The  source  area  also  had  abundant 
qtiartz  veins,  because  most  of  the  pebbles  are  vein  quartz  with  an  irregu- 
lar mosaic  of  interlocking  tjuartz  crystals;  many  pebbles  contain  inclu- 
sions of  vermictilar  chlorite. 

The  Minsi  Member  at  Lehigh  Gap  contains  little  or  no  feldspar,  but 
some  beds  at  Delaware  Water  Gap  contain  as  much  as  5 percent  feldspar 
(Epstein,  1971)  , and  northeastward  in  southeastern  New  York,  orthoclase 
may  form  24  percent  of  the  rock  (Muskatt,  1970)  suggesting  that  the 
source  rvas  also  partly  composed  of  granitic  or  gneissic  rocks.  The  min- 
eralogical  maturity  of  sandstones  and  conglomerates  of  the  Shawangunk 
cannot  be  due  to  deep  weathering  of  granitic  or  gneissic  rocks  in  the 
source  area  because  (1)  well-rounded  zircon,  tourmaline,  and  pebbles  of 
mature  sandstone  indicate  multicycle  transport;  (2)  feldspar  in  the 
Delaware  Water  Gap  area  shows  that  weathering  was  insufficient  to  re- 
move it;  (3)  absence  of  kaolinite  indicates  that  weathering  was  not 
intense  enough  to  produce  kaolinite  from  feldspar  (however,  any  kaolinite 
that  may  have  been  present  cotild  have  converted  to  muscovite  by 
diagenesis  or  metaniorphism  following  deep  burial);  (4)  the  large  peb- 
bles indicate  short  transport,  bold  valleys  in  the  supposedly  deeply 
weathered  .source  area  to  supply  the  pebbles,  and  exposure  of  fresh 
bedrock  in  the  valley  walls;  and  (.5)  less  stable  minerals,  such  as  feldspar, 
amphibole,  and  pyroxene,  which  would  have  been  deposited  with  the 
quartz-bearing  conglomerates  and  sandstone,  should  be  abundant,  but 
are  not.  The  absence  of  limestone  pebbles  and  the  presence  of  chert 
supposedly  derived  from  cherty  limestones  is  difficult  to  explain.  Possibly 
the  chert  was  derived  from  bedded  (radiolarian?)  chert  generally  asso- 
ciated with  marine  pelites  and  giaywackes,  as  suggested  by  the  presence 
of  minor  siliceous  slate  Iragments  in  the  basal  part  of  the  Weiders  Mem- 
ber at  Lehigh  Gap.  The  composition  of  .Shawangunk  conglomerates  and 
sandstones  thus  does  not  seem  to  be  compelling  evideirce  for  a deeply 
weathered  sotirce  area. 

Recognition  of  the  precise  source  area  for  the  Shawangunk  is  prob- 
lematical and  open  to  speculation.  Feldspathic  and  quartzose  metasedi- 
mentary rocks  and  smaller  amounts  of  amphibolite,  marble,  and  granitic 
rocks  are  now  mainly  exposed  in  the  Reading  Prong.  Conceivably, 
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equivalent  rocks  that  may  have  been  exposed  during  Silurian  time  could 
have  been  the  source  lor  some  of  the  Shawtingunk  (see  Berry  and 
Boucot,  1970,  Figures  7-11),  and  chert-bearing  carbonates  and  quart/ites 
of  Cambrian  and  Ortlovician  age  could  have  stipplied  other  components. 
However,  hornblende  is  extremely  rare  in  the  Shawangtnik,  and  pyroxene 
and  epidote,  all  common  in  Prong  rocks,  were  not  seen  in  any  thin 
sections  of  Shawangunk  rocks  examined.  Moreover,  the  Reading  Prong 
characteristically  lacks  abundant  tjuartz  veins  and  is,  therefore,  not  an 
enticing  possibility  as  a source  area  tor  the  Shawangunk.  Cotdd  it  be 
that  rocks  dissimilar  to  those  now  fotind  to  the  southeast  were  the  sotirce 
for  the  Shawangunk,  emplaced  in  their  position  in  thrust  sheets  or 
nappes  btit  long  since  eroded? 

The  scattered  specks  of  graphite  in  the  Lizard  Creek  Member  are 
unique  and  indicate  a metamorphic  source,  stich  as  in  the  Piedmont  of 
southeastern  Pennsylvania,  where  Miller  (1912)  reported  graphite  in  the 
Pickering  Gneiss  and  Limestone  (“Franklin  Limestone")  of  Precambrian 
age.  However,  the  Pickering  is  feldspar  rich,  and,  as  mentioned,  the 
Shawangunk  contains  rather  small  Cjuantities  of  feldspar. 

In  summary,  jtidging  from  the  available  data,  it  is  concluded  that  dur- 
ing Shawangunk  time  the  climate  was  warm  and  least  semi-arid  and  that 
the  source  area  had  high  relief.  The  mineralogy  of  the  Shawangunk  was 
controlled  by  the  nature  of  the  source  rocks,  which  were  conqrosed  pre- 
dominantly ot  sedimentary  and  low-grade  metamorphic  rocks  with  abun- 
dant cpiartz  veins  and  small  local  areas  of  feldspathic  gneisses  or  granites. 
Erosion  was  intense,  although  enough  broad  interfluves  may  have  been 
present  so  that  a regolith  developed  that  could  siqtply  iron  to  the 
depositional  basin. 

Bloomsburg  Reel  Beds 

The  tidal-flat  and  related  deposits  of  the  Lizard  Creek  Member  grade 
up  into  red  beds  of  the  Bloomsburg  Red  Beds,  representing  a return  to 
fltiviatile  conditions  in  eastern  Pennsylvania,  lire  Bloomsburg  is  finer 
grained  than  the  alluvial  rocks  in  the  Minsi  and  ^\Ticlers  Members  of 
the  Shawangunk  Formation  and  consists  of  siltstone,  sandstone,  and 
shale  in  jioorly  to  well-defined  upward-fining  cycles  (Figure  48)  , suggest- 
ing that  the  southeastern  source  area  was  progressively  lowered  by  ero- 
sion and  that  the  braided  stream  deposits  of  the  Shawangunk  gave  way 
to  predominantly  meandering  stream  deposits  ot  the  Bloomsburg  (Epstein 
and  Epstein,  1969;  Epstein,  1971). 

The  cycles  in  the  Bloomsburg  are  as  much  as  13  feet  thick  and  consist 
of,  from  bottom  to  top: 

(1)  Very  fine  to  coarse-grained,  large-scale  crossbedded  to  planar- 
becldecl  sandstone  that  locally  contains  red  shale  clasts  as  much  as 
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3 inches  long  (Figure  45)  . I'he  basal  contact  is  a sharp  erosion  surface 
of  very  low  rebel  that  cuts  into  the  nnderlying  finer  beds.  The  lower  few, 
inches  of  the  sandstone  are  locally  gray.  The  abruptness  of  the  basal  con- 
tact in  places  is  accentuatetl  by  bedding  slippage  de.scribed  in  the  sectioni  r 
on  structural  geology.  j 

(2)  Finely  interbedded  and  irregtilarly  interlaminated  siltstone  and 
very  fine  grained  sandstone  containing  small-scale  ripples.  Sandstone  bedsi 
locally  contain  mud  clasts. 

(3)  Shaly  siltstone  that  is  extensively  burrowed  (Figure  42)  , mud 
cracked  in  places  (Figure  43) , and  contains  scattered  irregular  dark- 
yellowish-orange  concretions  averaging  about  1 inch  in  length  (Figure 
44).  X-ray  diffraction  analysis  and  staining  technicjues  show  that  the; 
noclides  are  ferroan  tlolomite.  Idie  cycle  described  is  somewhat  idealized  | 
and  tloes  not  represent  all  rocks  in  the  Bloomsburg. 

Cyclicity  in  the  Bloomsburg  is  readily  explained  by  vertical  and  lateral 
accretion  from  migrating  streams  concomitant  with  basin  sinking.  Each  , 
fining-upward  cycle  represents  superposition  of  beds  of  successively  lower 
flow  regime. 

These  fining-upward  cycles  are  generally  considered  to  have  been  de- 
positetl  by  meandering  streams  (for  exam]rle,  Allen,  1965b).  The  coarser 
basal  sands  were  deposited  in  stream  channels  and  point  bars  through  | 
lateral  accretion  as  the  stream  meandered.  The  mnd  clasts  were  derived 
from  bank  caving,  f.arge-scale  crossbedding  and  planar  bedding  are  in- 
dicative of  the  upper  lower  and  lower  upper  flow'  regimes,  respectively. 
These  basal  beds  grade  up  into  laminated  and  intertonguing  sandstone  i 
and  siltstone  containing  small-scale  crossbedding  that  indicates  decreasing 
flow  regime.  .Similar  rocks  have  been  interpreted  to  be  levee  and  crevasse- 
S|day  deposits  (Allen,  1965b).  Next  in  succession  are  the  fine  overbank  or 
floodplain  deposits  that  accumulated  by  vertical  accretion.  Burrowing 
animals  obliterated  stratification  in  many  of  these  beds  in  this  low'- 
energy,  tranquil  environment.  Mud  cracks  show'  that  subaerial  exposure 
was  common.  Evaporation  at  the  surface  may  have  caused  the  precipita-  i 
tion  of  calcareous  concretions  similar  to  the  formation  of  caliche  in  soils  || 
(see  Bernard  and  Major,  1963:  Allen,  1965b:  Moody-.Stnart,  1966),  but, 
as  mentioned  ]:)revi()usly,  the  concretions  in  the  Bloomsburg  are  ferroan 
dolomite,  ft  is  possible  that  the  Bloomsburg  rivers  were  not  far  above 
the  strandline  and  that  the  dolomite  concretions  may  have  formed  in  a , 
high  tidal-flat  environment  by  npward-rising  brines  enriched  in  mag- 
nesium by  a mechanism  similar  to  that  described  for  the  penecontem- 
poraneons  dolomiti/ation  of  limestone  on  snpratidal  flats  (for  example, 
see  .Shinn  and  others,  1965).  Cyclicity  in  the  Bloomsburg  is  readily 
explained  by  vertical  and  lateral  accretion  from  migrating  streams  con- 
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coinilaiu  with  basin  sinking.  Each  fining-npwartl  cycle  represents  super- 
position ol  Iretls  ol  successively  lower  flow  regime. 

Fossils  are  very  rare  in  the  Bloomsbnrg.  Fish  scales  were  found  at  the 
Delaware  Water  Cia[r  (Epstein,  1071),  and  Beerbower  and  Halt  (1959) 
believed  that  the  fish  lived  in  a lltivial  or  lagoonal  environment.  .Similar 
fish  scales  were  not  seen  in  the  Bloomsbtirg  at  Lehigh  Gap  but  cotild 
have  been  overlooked.  Thus,  some  ol  the  red  beds  in  the  Bloomsbnrg 
could  have  been  deposited  in  shallow  marine  waters. 

l ire  lower  boundary  of  the  Bloomsbtirg  with  the  Lizard  Creek  Member 
of  the  Shawangnnk  Formation  at  Lehigh  Gap  is  transitional  through  162 
feet  of  red  and  green  rocks  and  marks  the  change  from  a marginal  marine 
environment  to  a low  alluviated  coastal  plain.  The  greenish  rocks  are 
laminated,  and  flaser  bedding  and  slump  strtictures  are  cine  to  movement 
of  saturated  sediments  on  the  fiats  (Figure  47)  . The  red  color  is  believed 
to  have  been  derived  at  the  site  of  deposition  as  the  restilt  of  oxidation  of 
iron-rich  minerals  or  conversion  of  hematite  from  goethite  or  “limonite” 
(Berner,  1969)  , rather  than  having  been  derived  from  red  tipland  soils 
(Van  Houten,  1964;  Walker,  1967a,  b) . The  red-green  transition  zone 
marks  the  oxidation-reduction  boundary  at  or  near  mean-tide  level 
(McKee,  1957:  Nichols,  1962).  Clearly,  the  land  surface  in  Bloomsbtirg 
time  was  at  low  altitudes  and  near  sea  level. 

As  pointed  otit  by  Miller  and  Folk  (1955)  and  others,  the  formation 
of  red  beds  requires  the  presence  of  iron-rich  minerals,  hence  an  igneotis 
or  metamorphic  source.  The  petrographic  characteristics  of  the  Blooms- 
burg  are  markedly  different  from  those  in  the  underlying  .Shawangtink. 
suggesting  that  the  source  area  was  eroded  to  lower  levels  and  deeper 
igneous  and/or  metamorphic  rocks  were  reached  through  a sedimentary 
cover.  The  sandstones  in  the  Bloomsbnrg  are  mostly  immature  graywacke 
with  appreciable  potash  and  plagioclase  feldspar  and  abtmdant  rock 
fragments  (Figure  50) . The  fragments  include  sedimentary  shale,  silt- 
stone,  and  cjuartzite,  volcanic  felsite,  and  granitic  or  gneissic  derivatives. 
Vein  quartz  is  abundant.  Nonopatpie  heavy  minerals  are  muscovite, 
biotite,  chlorite,  zircon,  and  tourmaline. 

The  sediments  deposited  after  the  end  of  molasse  sedimentation  in 
Bloomsbnrg  time,  up  to  and  including  those  of  the  Oriskany  Group,  are 
a shallow-marine  shelf  facies.  During  this  time,  the  rates  of  sedimentation 
and  basin  sinking  were  about  equal,  so  that  the  area  was  maintained 
near  sea  level,  and  an  alternating  complex  of  tidal  fiats  (supratidal  and 
intertidal)  , barrier  bars,  and  snbtidal  zones  was  maintained  (Figure  79)  . 
These  were  marginal  to  a low-lying  stable  land  surface  that  supplied 
terrigenous  material  to  the  basin  of  deposition  from  time  to  time.  These 
rocks  are  generally  poorly  exposed  in  the  Lehighton  and  Palmerton 
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quadrangles,  but  on  the  basis  ot  the  few  outcrops  and  sedimentologic 
details  to  the  east  (Epstein  and  others,  1967;  Epstein  and  Epstein,  1969), 
a general  environmental  interpretation  can  be  made. 

Poxono  Island  Formation 

Encroachment  of  the  sea  over  broad  tidal  flats  during  Poxono  Island 
time  initiated  the  general  Late  Silurian  and  Early  Devonian  transgres- 
sion. Red  beds  in  the  lower  part  of  the  formation  suggest  deposition  in 
the  oxidized  zone  above  high  tide,  probably  by  streams.  The  laminated 
and  finely  bedded,  partly  mud  cracked  dolomite,  limestone,  and  cal- 
careous shale  (Figures  52,  53,  57)  that  are  predominant  in  the  formation 
are  interpreted  to  have  formed  on  intertidal  and  supratidal  flats.  The 
laminae  probably  formed  by  trapping  of  muds  by  algae  on  the  flats  after 
transportation  of  the  muds  from  the  intertidal  and  subtidal  zones  during 
storms  and  spring  tides.  This  process  has  been  described  in  modern  flats 
by  Black  (1933),  Logan  (1961),  and  Kendall  and  Skipwith  (1969).  Some  or 
most  of  the  miitl  may  have  been  directly  precipitated  by  biochemical 
processes  within  the  algal  mats,  as  described  by  Monty  (1967)  in  the 
supratidal  zone  of  Andros  Island,  Bahamas. 

Between  floodings,  exposure  anti  desiccation  of  the  mats  and  bound 
sediment  produced  mud  cracks  (Figure  53)  which  are  also  well  docu- 
mented on  many  recent  flats,  llie  Poxono  Island  mud  cracks  are  deep 
(generally  more  than  3 feet)  and  may  have  been  protected  and  per- 
petrated by  algae,  probably  in  the  same  manner  described  by  Black 
(1933)  and  Kendall  and  Skipwith  (1969)  in  modern  sediments.  Successive 
algal  mats  mimicked  the  underlying  mud-crack  form,  and  subsequent  mud 
cracking  followed  pre-existing  shrinkage  lines.  This  mechanism,  as  well  as 
possible  accentuation  due  to  cleavage  development  parallel  to  mud-crack 
columns,  cotdd  also  explain  the  long  columns  in  the  overlying  Bossard- 
ville  Limestone. 

The  dolomites  in  the  Poxono  Island  are  believed  to  have  formed  by 
penecontemporaneous  replacement  on  the  supratidal  flats,  as  described 
by  Illing  and  others  (1965) , Kendall  and  Skipwith  (1969),  and  Kinsman 
(1969)  in  the  Persian  Gidf;  Defleyes  and  others  (1965)  in  Bonaire, 
Netherlands  Antilles:  and  Shinn  and  others  (1965)  in  the  Bahamas. 
During  drying,  brines  in  the  sediment  pores  migrated  upward  by  capil- 
lary action,  residting  in  the  growth  of  calcium-rich  minerals  (anhydrite 
or  gypsum).  Most  of  the  minerals  were  dissolved  and  flushed  from  the 
sediment  by  freshwater  surface  runoff,  although  some  have  been  found 
in  the  subsurface  (measured  section  24) . Precipitation  of  these  minerals 
enriched  the  brines  in  magnesium  at  the  surface,  and  when  the  Mg/Ca 
ratio  reached  a value  of  about  11,  dolomitization  of  the  calcium  carbon- 
ate mud  could  take  place  (Kinsman,  1966). 
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The  graded  limestones  with  micro  scour-and-fill,  intraclasts,  and  bur- 
row mottling  are  intertidal  deposits  similar  to  those  described  in  the 
overlying  Bossardville  Limestone. 

Bossartlville  Limestone 

The  Bossardville  is  a very  thin  bedded  to  laminated  argillaceous  lime- 
stone and  lesser  calcareous  shale  (Figures  57  and  58) . These  rocks,  and 
similar  ones  in  the  underlying  Poxono  Island,  are  generally  graded.  The 
base  of  a giaded  unit  is  sharp  (Figure  59)  . Micro  cross  laminations  and 
scour-and-fill  are  common,  intlicating  alternating  currents  typical  oi  tidal 
flats.  Ba,sal  rocks  of  graded  units  are  calcisiltites  (Figures  62  and  63)  and 
quartzose  skeletal  calcarenites  (Figures  54,  59,  64  and  65)  in  which  intra- 
clasts, ripped  up  from  the  substrate,  are  common.  These  grade  tip  into 
biomicrudites,  biomicrites,  and  biopehnicrites  (Figure  61))  and  then  up 
into  micrite  (Figures  55  and  62)  or  calcareous  shale  (Figure  59) . 

Bioclastic  debris  is  abundant  in  most  basal  beds,  and  is  less  abundant 
in  overlying  finer  rocks.  Most  is  apparently  reworketl  and  moved  about 
the  flats  by  tides  or  storms.  The  most  abundant  fossils  are  leperditiid 
ostracodes  (Figures  54,  63,  64  and  65);  few  “normal”  neritic  marine 
fossils  are  present.  The  leperditiids  were  well  adapted  for  survival  in 
shallow  areas  that  underwent  repeated  exposure.  They  had  very  thick 
overlapping  valves  and  well-developed  muscles  for  keeping  the  valves 
tightly  shut— all  features  for  protection  against  desiccation.  Berdan  (1968) 
has  also  suggested  that  the  large  smooth  shells  and  subsidiary  muscle 
scars  “indicating  strong  appendages  capable  of  digging”  were  possible 
adaptations  for  burrowing  on  tidal  flats.  Burrow  mottling  is  present  in 
some  of  the  limestones  in  the  Poxono  Island  and  Bossardville. 

Some  intraclasts  in  the  Bossardville  are  encrusted  with  bryozoans  or 
possibly  algae  (oncolites),  suggesting  reworking  of  the  sediment  in  very 
shallow  water,  possilily  in  snbtidal  tidal  channels,  or  in  subtidal  areas 
marginal  to  the  intertidal  flats  (see  Laporte,  1967,  Figure  29,  for  a sche- 
matic cross  section  of  the  shallow  subtidal,  intertidal,  and  supratidal 
environments) . 


Decker  Formation 

4 he  basal  5 feet  of  the  Decker  Formation  at  measured  section  4 con- 
tains a few  graded  beds  similar  to  those  in  the  Bossardville  (Figure  68), 
probably  intertidal  deposits,  interbedded  with  very  fossiliferous  limestone 
(Figure  69)  and  oosparites  (Figure  70)  . The  fossils  include  brachiopods, 
bryozoans,  and  rare  conodonts,  and  indicate  shallow  subtidal  deposits. 
Perhaps  these  fossils  were  heaped  onto  the  tidal  flats  during  storms,  but 
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the  presence  ot  stroniatoporoids  suggests  deposition  in  very  shallow  sub- 
tidal  waters,  either  in  tidal  channels  or  directly  seaward  of  the  intertidal 
flats  (Laporte,  1967).  I'he  limestones  are  more  winnowed  upwards  in 
these  liasal  beds  (hiomicrudites  giving  way  to  grain-supported  and  well- 
sorted  oosparites  with  abundant  intraclasts  higher  up) , suggesting  a 
shallow  siditidal  high-energy  environment.  These  beds  also  contain  more 
and  coarser  silt  and  sand  than  the  underlying  Bossardville,  showing  an 
increase  ot  terrigenous  influx  foreshadowing  deposition  of  the  overlying 
siltstones  and  sandstones.  The  siltstones  and  sandstones  are  burrowed, 
have  many  small-scale  cut-and-fill  structures,  and  contain  a variety  of 
fossils,  including  corals,  crinoids,  ostracodes,  and  brachiopods.  These  are 
considered  to  Ite  shallow  shelf  silts  anti  sands  that  accumulated  offshore  of 
the  Bossardville  mudflats.  (Correlative  rocks  of  the  Bossardville  Lime- 
stone, therefore,  proljahly  existed  southeast  of  the  present  Decker  outcrop 
belt,  Itut  have  Iteen  removed  Ity  erosion.)  The.se  may  be  pro-bar  sedi- 
ments (lower  and  middle  shoreface)  of  an  offshore  bar  (see  Davies  and 
others,  1971,  Figure  3).  The  overlying  upper  shoreface  and  possibly 
beach  tleposits  are  not  exposed  but  may  be  present  under  cover.  The 
sands  in  the  Decker  are  coarser  grained  and  more  conglomeratic  higher 
in  tlie  section,  d'his  coarsening  upwards  is  typical  of  bars.  The  Decker  is 
extensively  burrowed  13  feet  above  its  base  (Figure  72)  and  partly  bur- 
rowed 2,5  feet  above  the  base  (Figure  73) . A strikingly  similar  sequence 
of  rocks  is  illustrated  by  Davies  and  others  (1971,  Figures  7 and  8)  and 
is  shown  to  be  back-l)ar  deposits  (lagoonal)  and  washover  sands  derived 
from  the  adjacent  harrier  during  storms.  The  abundance  of  marine  fossils 
in  these  rocks  of  the  Decker,  however,  suggests  that  they  are  shallow  shelf 
sands  and  silts  flanking  the  Iteach  in  a seaward  direction.  It  woidd  be 
helpfid  to  have  adequate  exposures  to  see  the  lateral  sedimentologic 
variations  of  these  rocks.  To  the  east  in  Pennsylvania,  the  Decker  consists 
of  crossl)edded,  planar-bedded,  and  flaser-bedded  sandstone  with  lenses 
of  fossil  hash  and  (piartz-peltble  conglomerate.  It  has  been  interpreted  to 
be  mostly  a l^arrier  bar  (E[)stein  and  others,  1967;  Epstein  and  Epstein, 
1969). 

Fhe  Andreas  Red  Beds,  included  in  the  top  of  the  Decker,  may  be  a 
fluvial  deposit  that  extended  out  over  the  beach  and  shallow  marine 
sediments  of  the  lower  Decker.  Exjjosures  are  poor,  however,  so  this 
interpretation  (as  well  as  the  age  of  the  Andreas)  is  insecure. 

Stc)rni\'ille  Member  of  the  Coeymans  Formation 

Most  sedimentary  features  are  obliterated  by  leaching  in  this  poorly 
exposed  unit,  but  to  the  east,  similar  sandstones  and  finer  clastic  ma- 
terials have  Iteen  interpreted  to  he  a barrier-bar  deposit  (see  Epstein  and 
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otliers,  1!H')7:  Ej^stein  and  Ejjstein,  1!)()!)).  Pos,sil)ly  some  ol  it  was  de|)osiied 
in  a sliallow  neritic  environment. 

Netv  Scotland  Formation 

Ehe  \ew  Scotland  Formation  is  not  exposed  in  tlte  area,  but  on  the 
basis  of  exposures  to  the  east  (Epstein  and  others,  l!)h7),  tlie  c alcisiltites 
of  this  formation  represent  a deepen  neritic  phase  below  wave  base  lol- 
lowing  Stormville  deposition  as  the  rate  of  basin  submeigence  exceerled 
the  rate  of  sediment  stipply. 

Oriskany  (>ronp 

Ehe  Ridgeley  Sandstone  of  the  Oriskany  Group  has  been  shown  to  be 
a bar  or  beach  deposit  in  easternmost  Pennsylvania  (Ejrstein  and  Epstein, 
1969)  . The  irregtdarly  bedded  to  nodidar  lossiliferous  chert  and  con- 
glomeratic sandstone  of  the  Shriver  Chert,  intervening  between  the 
Ridgeley  beach  deposit  and  deeper  water  deposits  of  the  New  Scotland, 
is  believed  to  be  the  transitional  shallow  sidjtidal  pro-bar  apron.  1 he 
presence  of  abundant  thick-shelled  brachiopods  (Spirijer  areyiosu.s)  lavors 
this  view  that  these  rocks  were  ileposited  in  a wave-tossed  agitatcxl  near- 
straiulline  environment. 


Sitmmary 

Idle  seilimentary  environments  of  .Middle  Ordovician  through  Lower 
Devonian  rocks  were  controlled  by  datonit  orogenic  evolution,  begin- 
ning with  the  formation  ot  a deep  synorogenic  llysch  basin,  uplilt  of 
source  highlands  to  the  southeast,  gradual  erosion  of  those  highlands 
and  decrease  of  the  northwest  paleoslojie,  anti  a general  shallow  marine 
transgression  of  a shallow  epeiric  sea.  The  general  progression  of  en- 
vironments following  ujilift  was  first  Iluvial  de]josition,  interrupted  and 
followed  by  transitional  marine  deposition  (mainly  on  tidal  flats  and 
barrier  bars  or  beaches)  , then  tleposition  in  a '‘normal”  marine  en\  iron- 
ment  below  titlal  inlluence,  and  finallv  a tendency  toward  shoaling  late 
in  the  period.  Figtire  89  summari/es  tlie  environmental  record  lor  this 
period  ot  time  in  the  Lehighton  and  Palmerton  quadrangles. 

The  Upper  .Silurian  anti  Lower  Devonian  outcrop  belt  in  eastern 
Pennsylvania  crosses  several  depositional  zones,  as  intlicated  above.  The 
shorelines  trended  more  to  the  east  than  the  outcrop  belt  in  the  Lehigh- 
ton and  Palmerton  tjuatlrangles  (Figure  8,S)  . The  axis  ol  the  depositional 
basin  during  this  time  remained  fairly  constant  anti  extendetl  northeast- 
ward across  central  Pennsylvania.  low-lying  positive  area  appears  to 
have  controlled  setlimentation  timing  latest  Silurian  and  Early  Devonian 
time  in  the  I.ehighton  anti  Palmerton  tpiadrangles.  Stratigraphic  anom- 
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Figure  82.  Environmental  changes  from  Middle  Ordovician  to  Early  Devonian  time 
in  the  Lehighton  and  Palmerton  quadrangles. 


alies  in  the  vicinity  ot  this  positive  area  were  recognized  by  the  First  and 
Second  Pennsylvania  Geological  Surveys,  and  the  area  was  termed  the 
“Harrisburg  axis”  by  Ulrich  (1911)  and  Willard  (1941)  and  named  the 
“Auburn  Promontory”  by  Swartz  (1939).  The  Auburn  Promontory  was 
figured  in  isopach  maps  by  Wood  and  others  (1969).  The  axis  of  the 
Auburn  Promontory  lay  about  35  miles  southwest  of  the  Lehighton  quad- 
rangle (Figure  83) . Much  of  the  terrigenous  material  in  the  post-Blooms- 
burg  rocks  in  the  Lehighton  and  Palmerton  quadrangles  may  have  been 
derived  from  this  positive  area,  as  well  as  from  the  low-lying  landmass 
immediately  to  the  southeast.  Swartz  (1939)  and  Willard  (1941)  recog- 
nized that  many  stratigraphic  units  thinned  and  became  more  clastic  to 


STRATIGRAPHY 


1 1 1 


Figure  83.  Map  (nonpalinspastic)  of  Pennsylvania  showing  outcrop  belt  of  uppermost 
Silurian  and  Lower  Devonian  rocks  (short  dashed  line),  the  approximate 
position  of  the  axis  of  the  depositional  basin  during  deposition  of  these 
rocks,  the  position  of  the  Auburn  Promontory  (the  exact  location  of  the 
axis  is  speculative),  the  inferred  position  of  the  shoreline  during  a part  of 
Coeymans  time  (long  dashed  line),  and  location  of  the  Lehighton  and  Pal- 
merton  quadrangles.  Compiled  from  Swartz  (1939),  Jones  and  Cate  (1957), 
Gray  and  others  (1960),  and  Rickard  (1969). 

the  southwest  in  aijproaching  the  proniontoiy,  and  many  of  tliem  dis- 
appeared by  unconformity  on  the  axis.  Thus,  many  of  the  Upper  Silurian 
and  Lower  Devonian  units  in  the  Palmerton  and  Lehighton  quadrangles 
are  thinner  than  they  are  to  the  northeast  in  the  Delaware  Water  Gap 
area  (see  Epstein  and  Epstein,  1961),  especially  Eigure  6),  and  many 
diastems  or  small  unconformities  are  juobabh  |)resenl  in  the  section  in 
the  area  of  this  report  (see  stratigraphic  disctission  of  the  New  Scotland 
Formation) . 


LOWER  AND  MIDDLE  DEVONIAN 

Riflgeley  Formation 

The  Ridgeley  Formation  is  made  up  of  white,  bimodal,  (piartz  sand- 
stones and  hne-grained  peljble  conglomerates  which  are  characterized  by 
brachiopod  valve  molds.  Uie  unit  is  seldom  exposed  in  the  area  exce|H 
for  several  outcrops,  one  of  which  is  described  in  measured  section  5. 
The  unit  generally  occurs  at  the  base  of  the  steep  southern  slope  of  Stony 
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Ridge  (also  called  Stone  Ridge  and  Chestnut  Ridge)  and  is  covered  with 
collnvinin.  The  Ridgeley  caps  Stony  Ridge  only  in  the  rare  instances 
when  it  is  better  indurated  than  the  Palmerton  Formation  which  nor- 
mally cajts  the  ridge.  Elsew'here  in  the  mapped  area  the  Ridgeley  occurs 
in  the  subsurlace  and  is  knowm  only  from  the  Phillips  Petroleum  Com- 
pany exploration  well  No.  1 Graver  Estate  (measured  section  24).  The 
stratigraphic  nomenclattire  of  the  unit  is  reviewed  in  Plate  3. 

The  texture  of  the  Ridgeley  is  variable  both  areally  and  within  out- 
crops. The  boundaries  between  sandstones  and  conglomerates  are  gen- 
erally giadational;  the  gradation  often  occurs  within  1 or  2 inches.  Areal 
variation  in  the  proportion  of  sandstone  and  conglomerate  within  the 
Ridgeley  is  indicated  by  the  following  data  from  measured  sections: 
Stony  Mountain  School,  100  percent  conglomerate;  Lizard  Creek  Junc- 
tion, 47  percent  conglomerate  and  ,53  percent  sandstone;  West  Bowmans 
(measured  section  5),  32  percent  conglomerate  and  68  percent  sandstone; 
and  Little  Gap,  4 percent  conglomerate  and  96  percent  sandstone. 

A pronounced  grain-size  bimodality  occurs  in  most  of  the  Ridgeley 
sandstones.  The  grain  sizes  vary  from  fine  (0.125  mm)  to  very  coarse 
grained  (2.00  mm)  with  a tendency  for  a greater  concentration  of  ma- 
terial in  the  coarser  sizes.  Beds  which  are  not  hi  modal  are  usually  fine 
grained  and  appear  to  be  w^ell  sorted.  The  individual  grains  are  sub- 
angular  to  subrounded  (piartz.  Some  or  all  of  the  grain  angularity  may 
Ite  due  to  secondary  silicification.  Rotmded  cjuartz  granules  or  pebbles 
occur  rarely  in  the  sandstone  beds. 

I’he  conglomerates  consist  of  varying  percentages  (25  to  75)  of  rotmded 
or  subrounded  cjuartz  grains  ranging  in  size  from  granules  (2-4  mm)  to 
medium-grained  (8-16  mm)  jrebbles  within  a matrix  of  fine-  (0.125  mm) , 
medium-  or  coar,se-grained  (1.0  mm)  quartz  sand.  Pebbles  as  large  as  li/g 
inches  in  diameter  are  rare.  The  granules  and  pebbles  are  sometimes 
evenly  distributed  throughout  the  rock  (floating  in  the  sand  matrix)  and 
sometimes  concentrated  in  bands. 

Planes  of  jtarting  are  rare  within  the  Ridgeley,  with  the  result  that  the 
whole  formation  is  basically  massive.  Some  beds  attain  a thickness  of 
5 1/2  feet,  but  generally  the  thickness  of  a bed  of  one  lithology  varies 
between  5 inches  and  2 feet. 

Molds  of  single  valves  of  brachiopods  varying  from  i/o  to  I1/2  inches  in 
length  are  one  of  the  most  characteristic  features  of  the  Ridgeley.  These 
molds  ajijrear  as  shajred  voids  within  the  rock  and  occur:  (1)  scattered 
throughout  a bed,  in  which  case  they  are  generally  unoriented:  and  (2) 
aligned  along  a Itedding  jrlane,  in  w4rich  case  they  are  oriented  convexly 
ujrward.  The  molds  generally  occur  in  the  conglomerates,  but  are  com- 
jrletely  enclosed  by  the  matrix  sand  rather  than  jrebbles.  Willard  and 
others  (1939,  jj.  109-116)  discuss  the  fauna  of  this  unit. 
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The  Ridgeley  contains  varying  amounts  of  silica  cement  and  ranges 
from  friable  to  cjuart/itic  in  induration.  Most  of  the  rock  jnesently  ex- 
posed in  the  mapped  area  has  been  sufficiently  weathered  that  it  has  a 
moderate  porosity,  and  pebbles  protrude  on  weathered  laces.  Rocks  of 
the  Ridgeley  Formation  disintegrate  with  moderate  rapidity  and  do  not 
form  abtindant  float  material,  although  small  (less  than  6 inches  long) 
boulders  commonly  are  present  and  are  usually  easily  identified  because 
of  the  brachiopod  valve  molds  and  the  protruding  pebbles. 

Fresh  rock  of  the  Ridgeley  is  generally  white  to  very  light  gray.  The 
gray  color  becomes  darker  when  weathered,  and  reddish  and  yellowish 
iron  discoloration  is  present  in  some  places. 

The  basal  contact  of  the  Ridgeley  Formation  with  the  underlying  New 
Scotland  Chert  is  ex|iosed  only  along  the  Northeast  Extension  of  the 
Pennsylvania  Turnpike  near  Lizard  Creek  Junction  where  it  consists  of 
several  sharply  dehned  interbeds  of  chert  and  sandstone.  The  interlaces 
between  the  chert  beds  and  the  sandstone  beds  are  sharp,  but  some 
coarse-  to  very  coarse  grained  quartz  grains  are  scattered  through  the 
chert  beds  and  some  chert-like  cement  occurs  in  the  sandstone.  Hie  bond 
between  the  two  contrasting  lithologies  is  very  strong;  there  is  no 
tendency  for  parting  along  jilanes  between  lithologies.  The  base  of  the 
Ridgeley  Formation  is  placed  at  the  first  sandstone  bed.  The  upper 
contact  is  sharp  and  is  an  abrupt  change  from  conglomerate  to  clay  or 
siltstone  of  the  overlying  Scholiarie-Esopus  Formation. 

The  Ridgeley  Formation  thins  to  the  southwest  across  the  mapped 
area,  and  .Sevon  (HfiHa)  suggests  that  the  unit  does  not  persist  southwest 
of  Andreas  (about  .5  miles  southwest  of  Germans)  . Within  the  tiiapped 
area  the  Ridgeley  is  more  than  50  feet  thick  at  Little  Gap,  21  feet  thick 
at  Lizard  Creek  Junction,  and  S feet  thick  near  .Stony  Mountain  School. 

A I i crosco pic  Characteristi c.s 

Thirteen  thin  sections  of  indurated  Ridgeley  rock  from  3 localities 
were  examined  and  4 of  the  thin  sections  were  analyzed  by  point  count. 
A tyiiical  Ridgeley  rock  has  90  percent  detrital  grains  and  10  percent 
matrix.  The  matrix  is  |iriniarily  secondary  silica  either  in  the  form  of 
cpiartz  overgTowths  or  interstitial  silica  masses.  Minor  amounts  of  hema- 
tite and  sericite  also  occur  in  the  matrix.  The  detrital  fraction  contains 
98  percent  or  more  quartz,  of  which  about  63  percent  is  comj^osite 
metamorphic  quartz  (Folk,  1959)  and  32  percent  is  strongly  undulose 
common  quartz.  Fine-grained  rock  fragments  and  slightly  undulo.se  com- 
mon cpiartz  make  up  the  remainder  of  the  detrital  fraction.  Most  of  the 
pebbles  are  composite  metamorphic  cpiartz  whereas  almost  all  of  the 
sand  grains  (0.062-2.00  mm)  are  common  cpiartz.  Some  of  the  sand  gTains 
have  minute  vacuole  strings  and  a number  of  giains  have  a “wormy” 
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internal  structure.  The  small  wormlike  holes  are  filled  with  a bluish 
mineral  which  is  probably  chlorite. 

The  pebbles  are  rounded  to  well  rounded  and  the  sand  grains  are 
angular  to  well  rounded.  The  shape  of  many  of  the  sand  grains  has  been 
modified  by  secondary  silica  and  the  original  shape  is  sometimes  com- 
pletely obliterated.  The  conglomerates  generally  have  poor  to  moderate 
packing;  many  interstices  have  been  filled  with  secondary  silica.  The 
sandstones  have  quartzitic  textures  with  complete  interlocking  of  adjacent 
grains  and  obliteration  of  original  grain  shape.  Small  amounts  of  iron 
occur  as  cement  surrounding  most  grains  in  some  Ridgeley  rocks. 

Sedimentology 

I'he  mineralogical  maturity,  good  sorting,  and  original  roundness  of 
grains  of  the  Ridgeley  indicate  considerable  reworking  of  the  sediment 
prior  to  final  deposition.  The  brachiopod  fauna  indicates  origin  in  a 
marine  environment,  and  the  occurrence  of  single  valves  in  stable- 
position  orientation  suggests  moderate  to  high  energy  conditions.  The 
stratigraphically  adjacent  units  also  suggest  a marine  environment  for 
the  sandstone.  Aligned  brachiopod  valves  generally  define  planar  or 
low-angle  bedding,  although  this  bedding  alignment  is  sometimes  obscure. 
These  characteristics  indicate  that  the  Ridgeley  was  deposited  in  a fore- 
shore environment  as  suggested  by  Epstein  and  Epstein  (1967)  and 
Seilacher  (1968). 


Schoharie-Esopiis  Formation 

The  Schoharie-Esopus  Eormation  consists  of  a series  of  well-bedded, 
very  fine  to  coarse-grained,  gray  to  olive-gray,  hard  siltstones.  The  forma- 
tion thins  southwest  from  more  than  76  feet  at  Little  Gap  to  43  feet  at 
West  Bowmans  (measured  section  5)  to  12  feet  at  Stony  Mountain  School, 
and  maintains  a bipartite  character  throughout.  The  lower  part  is  char- 
acterized by  coarse-grained  nonfossiliferous  siltstones  which  contain 
abundant  structures  resembling  overturned  crossbeds,  and  the  upper 
part  is  characterized  by  fossiliferous  siltstones  which  are  finer  grained 
and  lighter  in  color,  and  lack  overturned  crossbed  structures.  The  two 
parts  are  usually  separated  by  a thin  red  hematite-rich  siltstone  bed. 

T he  stratigraphic  nomenclature  of  this  unit  is  reviewed  in  Plate  3. 
The  Schoharie-Esopus  Eormation  can  be  traced  laterally  from  the  mapped 
area  into  the  differentiable  Schoharie  (above)  and  Esopus  (below) 
Formations  in  the  Stroudsburg  area.  In  the  mapped  area  formations  are 
too  thin  to  be  mapped  as  separate  units,  although  the  upper  and  lower 
parts  appear  correlative  to  the  Schoharie  and  Esopus  Formations,  re- 
spectively. 
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The  Scholiai  ie-Esopus  crops  out  occasionally  on  Stonv  Ridge  at  places 
where  the  crest  rock  changes  troin  Pahnerton  Formation  to  Ridgeley 
Formation,  inlrecpiently  along  the  south  side  ol  Stony  Ridge  where  the 
Pahnerton  Formation  lorms  a prominent  crest,  in  (|uarries  at  Germans, 
Pahnerton,  and  Acpiashicola,  and  in  roadcuts  such  as  on  the  Northeast 
Extension  of  the  Pennsylvania  T urnpike  at  West  Bowmans  (best  com- 
plete exposure)  and  at  Little  Gajr. 

T he  base  of  the  Schoharie-Esopus  is  marked  ity  an  abrupt  change  from 
sandstone  of  the  underlying  Ridgeley  Formation  to  white  clay  or  shale  ol 
the  Schoharie-Esopus.  This  contact  is  best  exposed  oti  the  Turnpike 
(measured  section  b,  units  10-11),  although  less  deeply  weathered  shale 
crops  out  occasionally  along  the  base  of  Stony  Ridge.  T his  clay  results 
from  extreme  weathering  of  massive  meciium-gray  (N5)  to  meduim-light- 
gray  (N6)  silty  shales.  The  clay  is  stained  various  hues  of  red  and 
yellow  by  iron  and  contains  some  coarse-, grained  quart/  grains.  .\  semi- 
quantitative  X-ray  diffraction  analysis  (by  Pennsylvania  Cjeological  Sur- 
vey) of  this  clay  (sample  from  measured  section  .'3,  unit  10)  gave  the 
following  residts:  mica  (muscovite)  , 91  percent;  kaolinite,  4 percent; 
quart/,  5 percent.  Glay  exposed  in  another  Turnpike  roailctit  near  Fi/ard 
Creek  Junction  contains  hard,  dark-gray  (N3)  claystone  nodules  up  to 
2 inches  in  diameter  and  4 inches  long. 

Above  the  weathered  basal  part  of  the  unit,  the  lower  part  of  the 
Schoharie-Esojius  is  characteristically  hard,  well-bedded,  medium-, giay 
(N5)  to  dark-gray  (N3)  to  olive-gray  (.')V4/1  or  .’lYS/l)  , medium-  to 
coarse-grained  siltstone  (Figure  HI)  . The  beds  have  sharp  bedding-plane 
partings  and  are  ,generally  1 to  4 inches  thick.  Most  of  the  beds  contain 
abundant  animal  burrow  mottling  and  a structure  resembling  overturned 
crossbedding.  This  structure  is  prominent  because  of  alternation  of  light- 
and  dark-gray  colors.  The  dark  color  results  from  a small  amount  of 
organic  material  concentrated  on  tojr  of  cross  laminations.  .Superposed 
sets  of  cross  lanrinations  often  show  completely  opposite  directions  of  dip, 
and  the  bases  of  many  cross  laminations  show  that  erosional  scour  of 
the  underlying  bed  occurred  before  formation  of  the  overlying  structure. 
The  thickness  of  individual  beds  with  cross-lamination  structures  is  gen- 
erally less  than  1/9  inch.  These  thin  beds  show  no  parting  tendency. 

Animal  burrows  sometimes  disrupt  the  cross-lamination  structures,  but 
fossils  are  rare  in  this  part  of  the  formation. 

.\t  Little  Gap,  this  interval  is  pale  red  (,5R6/2)  to  grayish-red  purple 
(5RP.5/2)  and  quart/itic  in  texture.  The  cross-lamination  structures  are 
evident  in  the  lowermost  part  and  in  well-weathered  float  material,  but 
are  obscured  in  fresher  rock  by  the  quart/itic  texture.  The  beefs  in  this 
section  are  also  more  massive  than  in  other  sections;  some  beds  are  as 
thick  as  2i/^  feet. 
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Figure  84.  Outcrop  of  well-bedded  Schoharie-Esopus  siltstone  along  east  side  of 
Northeast  Extension  of  the  Pennsylvania  Turnpike  at  West  Bowmans. 


In  the  eastern  part  ol  the  mapped  area  (Little  Gap)  , the  lower  part  of 
the  formation  forms  65  percent  of  the  whole:  at  the  Turnpike,  62  percent; 
and  southwest  of  Germans,  52  percent. 

Except  at  the  Little  Gap  section,  the  lower  and  upper  parts  of  the 
Schoharie-Esopus  Eormation  are  separated  by  a 9-  or  10-inch-thick 
grayish-red  (5R4/2)  hematite-rich  siltstone  bed. 

The  upper  part  of  the  formation  is  generally  abundantly  fossiliferous, 
well-bedded,  fine-  to  medium-grained  siltstone  which  lacks  the  cross- 
lamination structures  typical  of  the  lower  part.  The  color  of  this  part 
ranges  from  light  gray  (N7)  to  medium-dark  gray  (N4)  to  light-olive  gray 
(5Y6/2) . The  lighter  gray  colors  are  most  common  and  probably  repre- 
sent weathered  colors  for  the  most  part.  Most  of  the  upper  part  of  the 
formation  at  Little  Gap  has  a color  between  grayish  orange  (10YR7/4) 
and  grayish-orange  pink  (5YR7/2)  . 

Animal  burrow  mottling  is  present  in  some  of  the  lower  beds  of  the 
upper  part  of  the  formation,  but  most  beds  lack  internal  structure. 
Eossils  are  almost  exclusively  brachiopod  valves  aligned  along  well- 
dehned  planes,  but  in  some  beds  the  valves  are  randomly  scattered  with 
no  apparent  orientation. 

This  formation  becomes  increasingly  quartzitic  towards  the  upper  con- 
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tact  and  olten  resembles  chert  in  appearance.  The  more  chertlike  beds 
usually  weather  almost  white  in  color. 

The  uppermost  part  of  the  Schoharie-Esopus  Formation  includes 
several  siltstone  and  sandstone  interbeds  which  are  discussed  more  fully 
in  the  following  section  (Palmerton  Formation).  The  upper  contact  of 
the  formation  is  placed  at  the  base  of  the  first  sandstone  interbed. 

The  well-bedded  Schoharie-Esopus  is  broken  by  innumerable  joints. 
The  rock  itself  is  generally  very  hard  and  resists  rapid  disintegration  into 
component  grains,  but  the  bedding  and  jointing  allow  easy  disrujition  of 
the  unit  by  physical  weathering.  Float  materials  developed  from  this  unit 
usually  are  small  (2  to  fi  inches  long)  angular  plates  of  light-giay  silt- 
stone,  sometimes  having  ribbed  surfaces  (differentially  weathered,  over- 
turned cross-lamination  topsets)  and  sometimes  having  holes  developed 
by  weathering  of  brachiopod  valves.  The  distinctive  nature  of  the 
Schoharie-Esopus  float  material  and  its  proximity  to  the  underlying 
Ridgeley  and  the  overlying  Palmerton  sandstones  allow  this  unit  to  be 
mapped  with  some  ease. 

M icroscopic  CJiaracteristics 

Thirty-eight  thin  sections  of  Schoharie-Esopus  from  4 localities  were 
examined.  Nineteen  thin  sections  were  from  the  upper  part  of  the  forma- 
tion, 16  from  the  lower  part  and  3 from  the  hematite-rich  central  part. 
The  Schoharie-Esojjus  is  a suite  of  rocks  comprising  detrital  and  matrix 
fractions  that  have  little  compositional  variation.  The  main  variation  is 
the  proportion  of  detritus  to  matrix. 

The  detrital  fraction  is  made  up  of  dominantly  strained,  angular 
quartz  grains  ranging  in  size  from  fine-grained  silt  (0.008  mm)  to  fine- 
grained sand  (0.125  mm)  . The  margins  of  most  grains  have  solution- 
etching irregularity  and  margins  of  some  grains  are  occasionally  inter- 
penetrated. Rare  grains  of  plagioclase  occurred  in  2 thin  sections.  Epidote, 
garnet,  and  tourmaline  were  the  only  heavy  minerals  identified.  Some 
slides  contained  no  heavy  mineral  grains  and  in  no  slide  was  the  quantity 
of  detrital  heavy  minerals  more  than  a fraction  of  a percent.  Small 
irregularly  shaped  particles  of  hematite  occur  scattered  throughout  all 
of  the  slides,  although  the  quantity  and  size  of  the  particles  varies  from 
slide  to  slide.  The  amount  of  detritus  is  variable  and  estimates  of  per- 
centages are  summarized  as  follows:  upper  part,  51  percent  (range,  1-95 
percent)  ; hematite-rich  zone,  22  percent  (range,  5-50  percent)  ; and  lower 
part,  62  percent  (range,  25-90  percent)  . 

The  matrix  consists  of  various  proportions  of  microcrystalline  silica, 
microgranular  silica,  chert,  muscovite  and  sericite.  Some  slides  contain 
minute  sericite  flakes  evenly  scattered  throughout,  while  some  slides  have 
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no  sericite.  Small  masses  ot  muscoxite  occur  in  a tew  slides.  Incipient 
(hloiite  develo|Mncnt  is  associated  with  the  clay  material  in  most  slides. 

Alicrocrystalline  silica  and  microgranular  silica  torm  most  of  the  matrix 
in  all  ot  the  slides;  there  is  a lar^e  variation  in  the  proportion  of  each 
silica  type,  (ihert  constitutes  a small  percentage  of  the  matrix  in  6 slides, 
all  of  which  are  from  the  upper  part  of  the  unit.  The  silica  acts  as  the 
cement  and  accounts  for  the  hardness  and  chertlike  character  of  the 
siltstone.  The  matrix  cement  ol  the  3 slides  from  the  central  hematite-rich 
zone  is  made  u|j  ol  a solid  mass  of  iron  in  which  detrital  grains  are 
floating. 

rite  lower  part  of  the  lormation  contains  some  carbonaceous  material 
concentiated  along  betiding  planes.  This  material  is  associated  mainly 
with  the  cross-lamination  structures  and  contributes  tbe  dark  coloration 
to  these  structures. 

Sediment  ology 

E])stein  and  Epstein  (1967,  p.  18)  and  Willard  (1939,  p.  1.54)  suggest 
that  a period  ot  emergence  followed  deposition  of  the  Ridgeley  sand- 
stones. In  the  mapped  area  this  episode  is  presumably  represented  by 
the  white  clay  at  the  base  of  the  Schoharie-Esopus.  This  writer  (Sevon) 
has  seeti  no  positive  evidence  to  supjtort  or  disprove  subaerial  exposure. 
It  sucli  exposure  occurred,  tlien  tlie  transition  from  subaerial  clay  (base) 
to  marine  (remainder)  in  tbe  Schoharie-Esopus  took  place  without  the 
jtreservation  of  any  ti ansgressive  marginal  marine  environments.  The 
key  to  this  transition  lies,  in  part,  in  interpretation  of  the  abundant 
cross-lamination  sti  uctures  ocenrring  in  the  lower  part  of  the  formation. 

These  structures  are  identified  as  horizontal  burrows,  Tannurus,  by 
Epstein  and  Epstein  (1969,  p.  157:  Figure  21,  p.  159).  Seilacher  (1967, 
p.  417)  refers  to  /.oopliycns  communities  in  the  Esopus  of  the  Appa- 
lachian system,  presumably  meaning  these  structures.  However,  the 
description  ol  the  Zoopliycos  facies  given  by  Seilacher  (1964,  Table  1, 
p.  310-311)  suggests  that  these  structures  are  not  Zonphycos,  and  the 
general  depth  connotation  of  the  Zoophycos  facies  (Seilacher,  1967,  p. 
417)  would  recpiire  transition  through  shallower  marine  environments 
without  preservation  of  deposits  from,  those  environments.  Likewise,  the 
description  of  Zoophycos  gwen  by  Hantzschel  (1962,  Figure  137,  p.  W219, 
p.  W22())  bears  little  similarity  to  the  description  of  these  structures. 

This  writer  (Sevon)  proposes  that  these  structures  rejnesent  remains 
of  small  ripples  formed  by  tidal  or  wave-generated  currents  which  varied 
in  direction  of  movement.  The  carbonaceous  material  which  defines  the 
structures  seems  particidarly  abtmdant  and  may  indicate  a nearby  source 
such  as  a salt  marsh  (Odum  and  de  la  Cruz,  1967).  The  plentiful 
particulate  organic  matter  trapped  between  thin-sediment  ripple  laminae 
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upparently  added  sufhcient  cohesion  to  the  ripples  to  allow  overturning 
of  some  laminae  by  later  cunents.  Layers  which  have  been  stoured  with- 
out overturning  |rresumably  were  allected  by  stronger  currents.  The 
thinness  of  individual  beds  and  the  scarcitc  of  marine  tauna  suggest 
that  the  detritus  supply  was  small  and  that  the  environment  was  either 
too  agitated  or  received  too  much  sediment,  or  both,  to  promote  good 
faunal  development. 

The  hematite-rich  bed  near  the  middle  of  the  formation  represents 
oxidation-reduction  (Eh)  and  alkalinity-acidity  (pH)  conditions  con- 
ducive to  iron  accumulation.  .Such  conditions  may  represent  partial  or 
periodic  stibaerial  exposure,  but  the  beds  are  sufficiently  noninformative 
that  definite  concltisions  are  currently  lacking. 

The  remainder  of  the  Schoharie-Esopus  Eormation  shows  an  upward 
decrease  to  total  absence  of  the  cross-lamination  structures  and  an  in- 
crease in  marine  fauna,  mainly  brachiopods. 

The  writer  (Sevon)  suggests  that,  following  the  presumed  subaerial 
exposure  represented  by  the  basal  clay,  the  mapped  area  gradually  sub- 
sided while  receiving  a very  small  detrital  input.  A shallow  marginal 
marine  area  developed  which  was  generally  stibmerged,  but  subject  to 
tidal  and  wave-generated  currents.  During  the  accumulation  of  the  iron- 
rich  sediment,  periodic  exposure  on  a tidal  flat  resulted  from  slowed  sub- 
sidence or  transgression.  Eollowing  the  tidal-flat  episode,  shallow-water 
conditions  were  restored  and  followed  by  gradual  deepening  of  the 
water  to  a point  where  current  activity  was  insufficient  to  create  rip])les; 
fauna  characteristic  of  a deeper  water  environment  developed.  The  end 
of  ,Schoharie-Eso|ms  deposition  was  marked  by  shallowing  water  and 
initiation  of  Palmerton  sandstone  deposition. 

Palinerton  Formation 

The  Palmerton  Eormation  is  a massive,  white,  variably  indurated, 
coarse-  to  fine-grained  sandstone  which  crops  out  almost  continuously 
along  the  crest  of  Stony  Ridge  in  the  southern  part  of  the  area.  The 
sandstone  often  forms  the  crest  of  Stony  Ridge  as  a narrow  wall  of  rock 
projecting  30  to  50  feet  above  the  surrounding  topography.  I'he  unit  is 
well  displayed  in  outcrops  along  the  crest  of  Stony  Ridge;  in  roadcuts 
at  Little  Gap,  WTst  Bowmans  (measured  section  5) , and  Lizard  Creek 
Junction:  and  in  cjuarries  at  Palmerton  and  Germans. 

^^assiveness,  lack  of  definite  betiding  planes  and  complete  domination 
by  joints  are  characteristic  features  of  the  unit  (Figure  (S5)  . Bedding  is 
rarely  tlefined  by  aligned  pebbles,  and  planes  defined  by  a few'  brachiopod 
valve  molds  were  observed  in  the  exposure  on  the  Northeast  Extension 
of  the  Pennsylvania  Turnpike  near  Lizard  Creek  Junction.  The  uni- 
formity of  composition  and  grain  size  throughout  the  unit  and  the 


120 


LE)lIGHTO\  AND  PALMERTON  QUADRANGLES 


Figure  85.  Typical  outcrop  of  massive  Palmerton  sandstone  in  which  joints  are  prom- 
inent. Large  face  is  a north-facing  and  -dipping  bedding  plane.  Outcrop  is 
about  one-half  mile  northeast  of  Aquashicola. 


gradational  nature  of  grain-si/e  changes  contribute  to  tlie  lack  of  bed- 
ding-parallel partings. 

T he  l)idk  of  the  sandstone  is  made  up  of  quartz  grains  ranging 
from  0.062  to  2.0  mm  in  diameter.  The  sandstone  usually  has  a small 
percentage  of  grains  larger  than  sand  size,  generally  less  than  inch 
in  diameter  and  rarely  larger  than  i/o  inch  in  diameter.  Figure  86  shows 
the  grain-size  distriltution  in  10  samples  of  the  Palmerton.  The  analyses 
indicate  that  the  Palmerton  is  generally  well  sorted  and  has  a unimodal 
grain-size  distribution  with  an  abundance  of  grains  in  the  range  between 
1 and  2 mm  in  diameter.  Further  grain-size  information  is  presented  in 
the  section  on  microscopic  characteristics.  In  hand  specimen  the  in- 
dividual sand  grains  are  generally  angular  to  subrounded,  whereas  the 
Jjebbles  are  rounded. 

The  quartz  richness  of  the  Palmerton  is  indicated  by  the  chemical 
analyses  in  Table  6 and  the  thin-section  analyses  (see  “Microscopic 
Characteristics’’)  . The  amount  of  clay  in  the  Palmerton  is  generally  very 
small,  and  field  observation  suggests  that  it  occtirs  mainly  in  the  upper 
part  of  the  unit.  The  mineralogic  purity  of  this  unit  is  the  main  reason 
for  the  white  to  light-gray  color  of  the  formation.  This  coloration  domi- 
nates the  unit  except  for  those  parts  discolored  by  hematite. 
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Figure  86.  Histograms  of  grain-size  distribution  in  10  samples  of  the  Palmerton  Formation.  Data  for  the  upper  5 histograms  are  from 
standard  sieve  analyses  of  naturally  disaggregated  sandstone.  Data  for  the  lower  set  of  histograms  are  from  thm-section  size 
analyses.  Numbers  above  each  histogram  are  sample  identification  numbers. 
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Table  6.  Chemical  Analyses  of  Two  Samples  of  the  Palmerton 
Formation  from  Little  Gap 

(Analyses  furnished  by  North  American  Refractories  Company,  Little  Gap) 

Sample 


Component 

A 

B 

SiO. 

98.75% 

98.64% 

AI2O3 

. 12 

.23 

Ti02 

.02 

.02 

Fe203 

.73 

.79 

CaO 

Trace 

Trace 

MgO 

Trace 

Trace 

NasO 

.02 

.02 

K2O 

.02 

.01 

Ignition  loss 

.34 

.29 

Hematite  occurs  as  an  accessory  mineral  in  the  Palmerton  Formation 
between  Little  Gap  and  Lizard  Creek  (Plate  1) . This  occurrence  cor- 
responds to  the  areal  distribution  of  the  Hazard  paint  ore  found  in  the 
overlying  Buttermilk  Falls  Limestone.  The  iron  was  presumably  leached 
from  the  paint  ore  and  deposited  in  the  sandstone  by  percolating  solu- 
tions; it  occurs  as  scattered  interstitial  concentrations,  as  concentra- 
tions along  stylolitic  seams,  ami  as  rock  cement  (see  “Microscopic  Char- 
acteristics”) . The  hematite  is  found  mainly  in  the  lower  part  of  the 
formation  and  is  often  associated  with  iron-rich  bands  which  appear  to 
have  migrated  into  fresh  rock  from  joints. 

Variations  in  silica  cementation  make  the  induration  of  the  Palmerton 
quite  heterogeneous.  Some  sandstones  have  silica  cementation  at  grain 
point  contacts  only,  resulting  in  a rock  which  is  generally  weak  and 
disaggregates  readily  (Figure  87) . The  pores  of  such  rock  may  be  empty 
or  filled  with  clay.  In  some  cases  the  pores  are  filled  with  hematite  which 
acts  as  an  excellent  cement  and  retards  rapid  disintegration. 

In  areas  where  silica  has  been  extremely  mobile,  the  Palmerton  Forma- 
tion often  has  a quartzitic  texture  (see  “Microscopic  Characteristics”) . 
Original  grain  boundaries  have  been  destroyed  by  grain  interpenetration 
and  silica  overgrowths,  and  original  pore  space  has  been  filled  with  over- 
growths and  other  secondary  silica.  This  sandstone  is  very  resistant  to 
disintegration  and  sometimes  forms  talus  blocks  such  as  shown  in 
Figure  88. 

The  variation  in  silica  cementation  is  not  predictable.  Quarry  opera- 
tors find  that  induration  often  varies  considerably  within  a few  hundred 
or  even  a few  tens  of  feet.  The  zone  of  most  intense  cementation  and 
induration  corresponds  to  the  area  containing  hematite  in  the  sandstone, 
that  part  of  Stony  Ridge  between  Little  Gap  and  Lizard  Creek.  To  the 
northeast  and  southwest  of  this  zone,  Stony  Ridge  is  much  less  well 
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Figure  87.  Talus  of  sand  resulting  from  natural  disintegration  of  poorly  cemented 
Palmerton  sandstone  in  a Refractories  Sand  Company  quarry  at  Andreas, 
southwest  of  Lehighton  quadrangle  boundary. 


developed,  presumably  because  of  a lack  of  silica  cementation  in  the 
sandstone. 

The  Palmerton  Formation  is  sparsely  fossiliferous.  A few  single-valve 
brachiopod  molds  were  observed  in  the  unit  at  West  Bowmans  (measured 
section  5,  unit  47)  and  at  Little  Gap.  A few  silicified  horn  corals  have 
been  found  in  the  lower  part  of  the  formation  in  the  quarries  at 
Little  Gap. 

The  thickness  of  the  unit  is  about  100  feet  throughout  the  area.  Out- 
crops at  Andreas  (21/9  miles  southwest  of  Germans)  suggest  that  the 
formation  may  be  thinning  to  the  southwest  (Sevon,  1968a)  . 

The  lower  contact  of  the  Palmerton  Formation  with  the  underlying 
Schoharie-Esopus  Formation  is  placed  at  the  base  of  the  low'ermost  sand- 
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Figure  88.  Talus  of  quartzitic  blocks  resulting  from  natural  disintegration  of  Palmer- 
ton  sandstone  south  of  Bowmanstown. 


stone  interbed  in  a series  ot  four  or  more  sandstone  and  siltstone  inter- 
beds which  range  from  1 inch  to  3 feet  in  thickness.  These  interbeds  have 
sharp  boundaries,  but  often  lack  parting  planes  at  the  textural  boun- 
daries as  a result  of  a high  degree  of  silicihcation.  A few  floating  quartz 
grains  occur  in  the  siltstone  interbeds  and  the  sandstone  interbeds  have 
a higher  percent  of  hne-grained  matrix  than  the  overlying  sandstones. 
This  interbed  zone  is  best  exposed  at  West  Bowmans  (measured  sec- 
tion 5,  units  35-38)  and  is  not  more  than  4 feet  thick  in  any  observed 
exposure. 

The  upper  contact  of  the  Palmerton  is  sharp  and  marked  by  a change 
in  lithology  from  sandstone  to  clay.  This  contact  is  exposed  in  the 
mapped  area  only  at  West  Bowmans  (measured  section  5,  units  7 and  8)  . 
The  uppermost  1 to  2 feet  of  the  Palmerton  sandstone  becomes  in- 
creasingly friable  and  contains  varying  amounts  of  black,  dead  petroleum 
or  tar.  This  black  material  occurs  as  coatings  on  individual  quartz  grains 
and  tends  to  be  concentrated  in  small  isolated  masses  or  discontinuous 
zones  up  to  1 foot  thick.  The  change  to  the  overlying  clay  is  abrupt  and 
it  is  this  weak  clay  that  weathers  rapidly,  creating  a steep  wall  of  rock 
when  the  Palmerton  dips  vertically  or  nearly  vertically,  a normal  condi- 
tion for  the  unit  in  tlte  mapped  area. 
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M i eras  CO  p ic  C h a ract  e ris  I ics 

rwenty-five  tliin  set  lions  ol  Palniertoii  saiulslones  troni  6 diltcrem  locali- 
ties were  exaniinetl.  A point-count  composition  analysis  was  ])eriormed 
on  8 slides,  and  a thin-section  si/e  analysis  was  perlormed  on  7 ol  the 
same  slides. 

The  Palmeiton  Formation  is  composed  almost  exclusively  ol  silica, 
dominantly  in  the  form  ol  tjuart/.  I'lie  lollowing  average  comjjosition 
seems  to  Ije  typical  ol  Pahnerion  santlstone  having  a very  coarse  (1-2  mm) 


grain-si/e  mode: 

Detiital  fraction: 

Highh  strained  [)ol\ c r\ stalline  (jiiart/  d" Tc 

Highlv  strained  monocrx stalline  imait/ 

Mic rocrvstal line  silica  friains  3% 

Siliceotts  rock  fragments  39c 

Slightlv  strained  monocrxstalline  (|uail/  1 9(' 

rnstrained  inonocrcstalline  (jiiartz  197 

Heaw  minerals  Trace 

Matrix: 

Secondarv  (|tiait7  oxeigrowths  and  interstitial  filling  109f 

Hematite  and  limonite  597 

Microcrvstalline  silica  497 

Sericite  Trace 

Total  inoc/f 


Point-coitnt  analysis  of  8 slides  and  visual  estimation  of  14  slides  indicate 
that  as  the  grain-si/e  mode  decreases,  the  amount  of  polycrystalline  cjuart/ 
decreases  and  that  Pahnerton  sandstones  with  medium  (0. 2,7-0. 5 mm) 
grain-si/e  modes  have  2 to  3 times  as  much  monocrystalline  cpiart/  as 
polycrystalline  cpiart/.  Rock  frtiginents  are  siltstones  and  the  only  heavy 
mineral  noted  was  epidote.  .Some  cpiart/  grains  have  a “wormy”  appear- 
ance and  apparently  have  minute  inclusions  of  a bluish  (and  sometimes 
reddish)  mineral  which  may  he  chlorite.  Although  constituting  only  a 
fraction  of  a percent,  these  grains  occurred  in  every  slide  examined. 

The  sandstones  are  bound  together  mainly  by  secondary  silica  whicli 
occurs  both  as  overgrowths  of  cpiart/  grains  and  interstitial  filling.  Solu- 
tion activity  has  been  intense  in  much  of  the  unit  and  most  grains  are 
modified.  Most  of  the  cpiart/  grains  were  originally  well  rounded,  but 
have  secondary  osergiowths  which  impart  the  angularity  seen  in  hand 
specimen.  Suturing  of  grain  contacts  has  been  intense  in  some  slides  and 
minimal  in  others.  Figure  89  shows  the  typical  sandstone  components 
as  well  as  some  stylolites  resulting  from  intense  solution  activity,  and 
Figure  90  shows  another  sandstone  with  iron  cement  and  minimal  solu- 
tion. Hematite  acts  as  cement  in  some  of  the  Pahnerton  and  generally 
occurs  only  in  the  interstices  between  grains,  although  it  sometimes 
occurs  along  sutured  contacts.  Microcrystalline  silica  occurs  as  matrix 
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Figure  89.  Thin  section  of  Palmerton  sandstone  showing  typical  detrital  components, 
sutured  contacts  and  stylolites  with  hematite  concentration.  Sample  is 
from  West  Bowmans.  C,  chert;  M,  monocrystalline  quartz;  P,  polycrystal- 
line quartz. 

Figure  90.  Thin  section  of  Palmerton  sandstone  showing  iron  cement  and  quartz-grain 
point  contacts.  Sample  is  from  West  Bowmans.  0,  quartz;  H,  hematite. 


material  only  in  sandstones  in  the  interbedded  Palmerton-Schoharie- 
Esopiis  contact  zone.  Clay  is  almost  totally  absent  in  the  thin  sections 
examined. 

I'he  average  grain-si/e  distribution  of  the  Palmerton  sandstone  in  the 
7 thin  .sections  used  for  giain-size  analysis  is; 


Grain  Size 

Pebbles  (2-8  mm) 

Sand 

Very  coarse  (1-2  mTii) 

Coarse  (0.5  - 1 mm) 

Medium  (0.25  - 0.5  mm) 

Fine  (0.125  - 0.25  mm) 

Very  fine  (0.062  - 0.125  mm) 
.Silt 

Coarse  (0.0.51  - 0.062  mm) 


Percentage 

16% 

64% 

16% 

2% 

T race 

1% 

1% 

Total  100% 


Fourteen  of  the  thin  sections  examined  had  very  coarse  grain  sand  size 
modes,  7 had  coar.se-giain  sand  size  modes,  3 had  medium-grain  sand  size 
modes,  and  1 had  a very  fine  grain  mode.  In  all  of  the  slides  examined 
the  grain-size  distribution  was  unimodal,  lacking  a wide  spread  of  grain 
sizes  and  lacking  fine-grained  material  (silt  and  clay)  . 

Sedimentology 

The  interbedded  nature  of  the  lower  Palmerton  sandstone  contact 
indicates  a transition  from  the  marine  environment  of  the  underlying 
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Schoharie-Esopus  into  the  presiinied  niars'inal  marine  en\ironment  of 
the  Palmcrton.  Ehe  rare  occnrrence  of  Irrachiopotl  and  coral  fossils  in- 
dicates at  least  a close  jjroxiinity  to  marine  tonditions,  while  the  niineral- 
ogical  composition,  original  grain  ronndness  and  good  si/e  sorting  in- 
dicate extreme  reworking.  The  lack  of  defined  sedimentary  structures 
results  partly  from  tfie  mineralogical  and  textural  uniformity  and  partly 
from  the  postdepositional  silica  molrility.  The  Palmerton  sandstone 
probably  accumulated  in  a nearshore  or  foreshore  environment  in  re- 
sponse to  temporary  shadowing  of  water.  To  the  east  near  .Stroudsburg 
(30  miles)  , the  Palmerton  is  missing,  presutnably  by  nondeposition,  and 
the  equivalent  intei  val  is  part  of  the  Buttermilk  Falls  Limestone  (Epstein 
and  Epstein,  1967,  Figure  ,a,  p.  17).  do  the  west,  the  exact  relation  of 
the  Palmerton  to  adjacent  units  Ijecomes  less  clear  (Sevon,  196<Sa)  , and 
the  sedimentology  of  the  unit  undetermined. 


Rittterniilk  Falls  Limestone 

The  Buttermilk  Falls  Limestone  iti  the  mapped  area  consists  of  a 
deeply  leached  interval  of  limestones  and  shales  which  occurs  Iretween 
the  top  of  the  Palmertoti  Formation  and  the  base  of  the  Marcellus 
Formation.  The  unit  has  an  apparetit  maximum  thickness  of  10  feet, 
but  is  known  only  from  three  exposures  and  is  not  a majr|rable  unit 
although  it  is  a distinctive  lithology.  For  mapping  purposes  the  unit  has 
been  combined  with  the  Marcellus  Formation  atid  the  base  of  the  com- 
bined units  is  placed  at  the  top  of  the  Palmerton  Formation. 

I'he  only  complete  exposure  of  the  Buttermilk  Falls  Litnestone  in  the 
mapped  area  occurs  at  West  Bowmans  (measured  section  6,  units  8-94)  . 

partial  exposure  caf  the  formation  occurs  laehind  a garage  at  Little  C^ap 
and  a very  small  exposure  of  the  formation  existed  iti  1966  in  a sand- 
stone tjuarry  at  Ciermans.  Several  tefeiences  treat  the  subsurface  occur- 
rence of  the  unit  (see  sections  on  mineral  resources  and  paint  ore). 

The  Buttermilk  Falls  Limestone  is  a heterogeneous  secjuence  in  the 
mapped  area  and  is  subdivided  into  three  informal  members:  a lower 
shale  member,  the  Hazard  paitit  ore  member,  and  the  upper  limestone 
member.  These  units  are  discussed  separately. 

Loiver  Shale  Member 

The  lower  shale  memlrer  is  known  only  from  the  exposure  at  WTst 
Bowmans  (measured  section  6,  units  8-27)  where  the  unit  is  less  than  .5 
feet  thick.  Fresh  rock  for  tfiis  whole  interval  is  |)robably  dark-gray  (N3) 
to  grayish-black  (N2)  , massive,  structureless  clay  shale  which  develops 
fissility  upon  weathering,  but  extreme  weathering  of  the  outcrop  has 
reduced  almost  all  of  the  shale  to  clay.  The  clay  occurs  in  numerous  thin 
beds  w'ith  brown  and  red  coloration  and  various  degiees  of  iron  cementa- 
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tion.  Several  thin  clay  beds  are  well  indurated  by  iron  cement,  but  most  i 
of  the  clay  is  soft  and  develops  some  fissility  during  disintegration. 

Some  very  intensely  weathered  Buttermilk  Falls  has  been  exposed  by 
quairying  operations  in  the  western  ]jart  of  the  Alliance  Sand  Company 
quarry  at  Aquashicola.  This  material  is  nearly  white  and  very  claylike  in  ! 
character.  Semitjuantitative  X-ray  diffraction  analyses  (by  Pennsylvania 
Geological  Survey)  of  two  samples  of  this  material  gave  the  following 
results:  5 


Mica  49%  32% 

C - V - Mo  1 4 

K 12  16 

Feldspar  1 Trace 

Quartz,  39  48 


Total  100%  100% 


The  lowermost  5 inches  of  the  member  contains  coarse-grained  rounded  ' 
quartz  grains  floating  in  the  weathered  clay.  I'he  percentage  of  grains 
decreases  ujrwards  trom  the  base  (measured  section  6,  units  8-10)  . The  f 
actual  Irasal  contact,  however,  is  sharp  with  the  underlying  massive  sand-  | 
stone.  T he  upper  contact  with  the  overlying  Hazard  paint  ore  member  ) 
is  gradational  over  a short  interval.  ^ 

The  lower  shale  member  of  the  Buttermilk  Falls  Limestone  may  cor- 
resjrond  to  the  Needmore  shale  of  the  Susquehanna  River  area,  but  no 
physical  correlation  with  that  unit  has  been  attempted. 

Hazard  Paint  Ore  Member 

The  Hazard  paint  ore  member  of  the  Buttermilk  Falls  Limestone  is  a 
hard  clay  ironstone.  Tlie  ironstone  has  a bluish  metallic  color  when 
fresh,  but  weathers  readily  to  grayish  red  (5R4/2)  . At  West  Bowmans 
(measured  section  6,  units  28-30)  the  unit  consists  of  two  ironstone  beds, 
one  7 inches  thick  and  the  other  bi/o  inches  thick,  with  an  intervening 
black  massive  clay  shale  which  is  61/9  inches  thick  (total  thickness  of  the 
memiter  is  19  inches)  . Descriptions  of  this  member  in  the  literature  (see 
section  on  paint  ore  in  “Mineral  Resources’’)  indicate  a maximum  thick- 
ness of  4 feet  in  the  area  around  Hazard  and  Palmerton.  Although  no 
fossils  occur  in  the  unit  at  West  Bowmans,  some  brachiopod  valves  were 
seen  in  float  material  from  this  interval,  and  Willard  and  Whitcomb 
(1938)  reported  a moderate  fauna  from  the  unit. 

Although  this  meml)er  is  exposed  only  at  West  Bowmans,  the  areal 
distribution  of  the  paint  ore  within  the  mapped  area  is  readily  inferred 
from  the  distribution  of  pits  made  during  former  mining  operations  and 
from  the  literature.  The  Hazard  paint  ore  member  apparently  does  not 
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occur  east  of  Little  Gap  nor  west  ol  the  intersection  of  Stony  Ridge  and 
Lizard  Creek.  7'he  relationship  between  the  Hazard  paint  ore  and  the 
iron  staining  in  the  Palmerton  Formation  has  already  been  discussed  and 
appears  to  support  this  areal  distribution. 

Limestone  Member 

The  remainder  of  the  Buttermilk  Falls  Limestone  is  a limestone  mem- 
ber with  lithologic  similarity  to,  and  known  stratigrajihic  correlation 
with,  rocks  of  the  Buttermilk  Falls  Limestone  near  Stroudsburg,  Penn- 
sylvania, 25  miles  to  the  northeast.  I’his  member  is  completely  exposed 
at  West  Bowmans  (measured  section  6,  units  31-94)  and  is  34  feet  thick. 
The  uppermost  10  feet  is  exposed  at  Little  Ciaj)  and  about  5 feet  of  the 
central  part  of  the  unit  was  exposed  in  a sandstone  quarry  at  Germans 
in  1966. 

Since  almost  all  of  the  exposed  limestone  member  is  deeply  weathered 
and  extensively  leached,  only  general  statements  can  be  made  about  the 
unweathered  rock  of  the  member.  The  fresh  rock  indicates  that  the  bulk 
of  the  unit  in  the  mapped  area  consists  of  finely  to  coarsely  crystalline, 
fossiliferous,  massive,  hard,  clayey  to  silty,  medium-gray  (N5)  to  dark- 
gray  (N3)  limestone  interbedded  with  black  chert.  Some  black  chert 
occurs  as  nodules  or  discontinuous  bands  within  limestone  beds,  but  most 
occurs  as  discrete  beds.  Fossils  occur  throughout  the  member,  sometimes 
scattered  sj^arsely  through  a bed  and  sometimes  in  abundant  concen- 
trations. 1 he  fossils  are  siliceous  in  fresh  and  partially  weathered  rock, 
but  in  deeply  leached  rock  the  siliceous  material  has  been  leached, 
leaving  only  molds  of  the  fossils.  Brachiopods,  corals,  crinoid  columnals, 
and  trilobites  are  the  commonly  observed  fossils. 

Almost  25  feet  below  the  top  of  the  Buttermilk  Falls  Limestone  at 
West  Bowmans  is  the  itase  of  a l-foot-thick  zone  of  micaceous  clay  (meas- 
ured .section  6,  units  61-63)  . The  size  of  the  mica  flakes  appears  to  de- 
crease from  medium-grained-sand  size  at  the  base  to  very  fine  grained 
sand  size  at  the  top.  Fhere  also  appears  to  be  a gradual  upward  decrease 
in  the  amount  of  mica  from  very  abundant  at  the  base  to  very  sparse  at 
the  top.  This  mica  may  be  associated  whth  the  Tioga  bentonite  which 
occurs  in  the  overlying  Marcellus  Formation. 

Weathering  of  the  limestone  member  has  been  intensive;  most  of  the 
original  limestone  has  been  completely  leached,  leaving  behind  beds  of 
clay  and  fine-grained  siltstone  of  various  yellowish-brown  colors.  The 
clay  is  usually  soft  and  sometimes  shows  a slight  fissility.  The  siltstones 
generally  have  a high  porosity  as  a result  of  leaching  of  the  calcite 
cement,  but  they  retain  some  cohesion  and  have  a pithy  character. 

Surface  float  from  this  unit  is  virtually  nonexistent.  A few  pieces  of 
black  chert  occur  in  some  relatively  undisturbed  areas,  but,  for  the  most 
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))ari,  mining  pits  and  Palinerton  sandstone  float  obscure  any  trace  of 
Buttermilk  Palls  float. 

rite  upper  contact  of  the  Buttermilk  Falls  Limestone  is  sharp  with 
the  overlying  Marcellus  Formation  and  is  marked  by  an  abrupt  change 
from  limestone  to  Irlack  shale  (measured  section  6,  units  94-95)  . This 
contact  is  not  detectalrle  in  most  places. 

M kroscopic  Characteristics 

T hree  thin  sections  were  prepared  from  samples  collected  on  the  west 
side  of  the  Turn|jike  roadctit  at  \VTst  Bowmans.  One  sample  came  from 
the  Fla/ard  paint  ore  memirer  and  two  samples  came  from  the  limestone 
member. 

The  Hazard  paint  ore  sample  is  predominantly  siderite  with  less  than 
25  jrercent  microcrystalline  silica,  .sericite,  and  pyrite.  Most  of  the  siderite 
occurs  as  microcrystalline  aggregate  moderately  stained  by  iron  altera- 
tion. Some  of  the  siderite  occurs  as  clear  silt-sized  grains  replacing  original 
shell  material.  The  mici ocrystalline  silica  occurs  in  thin,  elongate,  dis- 
continuous masses  stirrotmded  fry  iron-stained  siderite.  The  pyrite  occurs 
as  scattered  clay-sized  grains  and  as  replacement  of  original  shell  material. 
A very  small  amotint  of  sericite  is  associated  with  the  microcrystalline 
silica. 

One  of  the  limestone  thin  sections  is  composed  entirely  of  uniform 
microcrystalline  calcite  and  fossil  fragments.  Rare  phosphatic  shell  pieces 
were  noted,  but  most  of  the  shell  material  is  composed  of  microcrystalline 
calcite.  Most  of  the  fragments  are  medium-grained  sand  size  or  smaller. 

The  other  thin  section  contains  over  95  j^ercent  microcrystalline  silica 
with  some  iron  staining.  A .small  percentage  of  fine-  to  medium-grained 
silt-sized  quartz  grains  is  scattered  throughotit  the  slide,  as  are  a few 
sericite  flakes. 

Sediment  ology 

The  deeply  weathered  clay  at  the  base  of  the  Buttermilk  Falls  Lime- 
stone is  reminiscent  of  the  similar  interval  at  the  base  of  the  Schoharie- 
Esopus  Formation,  and  suggests  the  possibility  of  emergence  following 
deposition  of  the  Palinerton.  However,  this  writer  (Sevon)  found  no 
positive  evidence  for  or  against  such  an  emergence.  The  overlying  shaly 
interval  presumably  represents  sediments  accumulated  during  marine 
submergence,  but  real  evidence  is  lacking.  The  Hazard  paint  ore  is 
characterized  by  a diverse  and  abundant  marine  fauna  (Willard  and 
Whitcomb,  1938)  , abundant  iron  carbonate,  some  silica,  and  a lack  of 
detrital  material.  Siderite  formation  occurs  best  when  pH  (acidity-alka- 
linity) is  between  7 and  7.8  and  when  Eh  (oxidation-reduction  potential) 
is  between  0 and  —0.2  (Krumbein  and  Garrels,  1952,  Figure  8,  p.  26). 
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^\’'hether  the  iron  carljonate  is  primary  or  secoiulary  in  oii”in  is  not 
known  at  present.  I)ut  the  taiinal  chai  acteristies  tlisctissetl  by  Whllard  and 
\Vhitcoml:)  (I93S)  sugirest  that  the  environment  was  somewhat  dillerent 
from  en\ironments  of  the  same  stratigraphic  interval  elsewhere.  This 
writer  (.Se\on)  suggests  that  a localized  aiea  of  physical  and  chemical 
conditions  apjJiopiiate  for  iron  carbonate  de\elopment.  in  which  a 
marine  fauna  flourished,  existed  biielly  in  the  mapped  area.  Almost  no 
detritus  came  into  the  area,  and  available  silica  and  iron  was  concen- 
trated from  the  sea  water  either  as  a primary  de])Osit  oi  as  a diagenetic 
product  soon  after  initial  deposition.  The  remainder  ot  the  Buttermilk 
Falls  Limestone  presumably  represents  only  slightly  changed  conditions 
in  which  more  detritus  came  into  the  area  and  physical-chemical  condi- 
tions w'ere  not  suitable  tor  iron  concentration.  The  occurrence  of  lime- 
stone and  bedded  cherts  may  indicate  only  a slight  shift  of  pH  to  7.H  or 
higher.  If  the  micaceous  clay  in  the  upper  part  of  the  formation  is  related 
to  the  Tioga  bentonite,  then  it  represents  a volcanic  ash  fall  (Dennison 
and  Textoris.  1966)  . 

Marcelliis  Formation 

The  Marcellas  Formation  is  a setjuence  of  grayish-black  (N2)  . fissile 
clay  shale  which  occurs  only  rarely  in  natural  exposures  in  the  mapped 
area.  The  rock  is  well  exposed  in  several  man-made  outcrops:  the  North- 
east Extension  of  the  Pennsylvania  l'urn]>ike  at  West  Bowmans,  arotind 
the  Alliance  Sand  Company  (juarry  north  of  Palmerton.  along  the  east 
side  of  the  abandoned  Lehigh  Canal  north  of  North  \Veissport.  in  a 
roadcut  just  south  of  l.ittle  Cap.  and  along  a secondary  road  between 
.\quashicola  and  Christian  Corner.  Poorer  exposures  occur  rarely  in 
streams. 

d'hese  shales  are  composed  dominantly  of  clay,  but  some  very  thin  (less 
than  1 foot  thick)  fine-  to  medium-grained  siltstone  beds  occur  randomly 
within  the  tinit.  A zone  of  mixed  calcareous  shale  and  limestone  occurs 
about  27  feet  above  the  base  of  the  unit  in  the  Furnpike  exposure.  The 
thickness  of  the  calcareotis  zone  is  apparently  variable,  because  it  is  16 
feet  thick  on  the  east  side  of  tlie  Turnpike  exposure  and  38  feet  thick  on 
the  w'est  side  of  the  same  exposure,  d'he  calcareous  rocks  weather  in 
outcrop  to  a slightly  grayer  color  than  adjacent  shale,  .\lthough  this  zone 
has  not  been  identified  elsewhere  (perhaps  because  of  the  lack  of  out- 
crop) , a ntimber  of  tcar-dro|i-shaped.  calcareotis  concretions  averaging 
6 inches  in  diameter  and  12  inches  in  length  (maximum:  12  inches  in 
diameter  and  24  inches  long)  occur  in  the  same  stratigraphic  position  at 
the  Alliance  .Sand  Company  (juarry  exjrosures  north  of  Palmerton.  .\n- 
other  calcareous  unit  may  be  jnesent  in  the  ujijrer  third  of  the  Marcelltis. 
but  it  is  known  only  at  the  Turnjiike  exjiosure.  where  some  calcareous 


132 


l.EHIGHTON  AND  PALMERTON  QUADRANGLES 


concretions,  1 to  2 feet  in  diameter,  occur  aligned  parallel  to  bedding 
about  400  feet  above  the  Itase  of  the  tinit. 

Within  the  basal  17  inches  of  the  Marcellus  Formation  exposed  along 
the  Turnpike  at  West  Bowmans  are  three  thin  layers  (measured  section 
6,  units  100,  102  and  104)  tentatively  identified  as  the  Tioga  bentonite 
by  Dennison  (1966,  personal  commun.)  . These  layers  are  composed  of 
dark-gray  (N4)  clay  shale  with  abundant  amounts  of  medium-  to  coarse- 
grained mica  flakes  and  pyrite  nodules  up  to  1 mm  in  diameter.  The  i 
mica  gives  the  layers  a silvery  appearance,  particularly  in  the  lower  two  ; 
layers  which  contain  more  mica  (50  to  75  percent  of  the  layer)  than  the  j 
upper  layer  (10  to  20  percent  of  the  layer)  . Each  iientonite  layer  is  im- 
mediately underlain  by  a thin  blackish-red  (5R2/2)  ironstone  layer.  The 
presence  of  the  Tioga  bentonite  in  the  same  relative  stratigraphic  posi- 
tion at  Little  Gap  is  suspected  from  float  material  (Dennison,  1966,  per- 
sonal commun.)  . 

The  fissility  of  the  Marcellus  shales  is  well  developed  and  seems  to  be 
variably  related  to  cleavage  and  Itedding.  The  fissility  parallels  bedding 
in  tlie  lower  jiart  of  the  unit  and  apjiarently  in  some  of  the  upper  part. 
Bedding  is  sometimes  detectable  by  the  presence  of  organic  material 
oriented  along  fissility  planes.  However,  in  much  of  the  unit  the  relation 
of  fissility  to  bedding  and  cleavage  is  obscure  and  in  some  intervals  the 
fissility  may  parallel  cleavage.  The  fissility  causes  the  Marcellus  to  dis- 
integrate into  paper-thin  platelets  which  produce  a characteristic  brittle 
crunching  sound  underfoot. 

The  Marcellus  generally  disintegrates  into  a clayey  soil  with  only  a 
small  amount  of  float  material  occurring  at  the  surface.  Weathering  of 
the  shale  causes  little  or  no  change  in  the  color,  except  in  extreme 
weathering,  when  the  color  changes  to  light  gray  (N7)  or  very  light  gray 
(N8)  . 1 he  platelets  are  often  coated  with  iron  stain  which  varies  from 
light  brown  (5YR5/6)  to  moderate  Itrown  (5YR4/4)  to  moderate-yellow- 
ish brown  (10YR5/4)  and  yellowish  gray  (5Y7/2).  Occasionally  moderate- 
reddish-brown  (10R4/6)  and  dark-reddish-brown  (10R3/4)  iron  stains 
are  present. 

The  Marcellus  Formation  in  this  area  is  not  abundantly  fossiliferotis, 
Imt  at  least  the  lower  jxtrt  of  the  unit  contains  some  fossils.  All  of  the 
fossils  noted  occur  as  impressions  or  remains  oriented  on  fissility  planes 
and  are  small  Itrachiopods,  pelecypods  and  light-lirown  (5YR5/6)  or- 
ganic(?)  fragments.  Part  of  a large  (estimated  length  exceeds  4 inches) 
trilobite  of  indeterminable  order  was  collected  from  the  Lehigh  Canal 
exposure  north  of  North  Weissport. 

dlie  lower  contact  of  the  Marcellus  shale  with  the  underlying  Butter- 
milk Falls  Limestone  is  sharp  at  West  Bowmans  (measured  section  6, 
units  94-95)  . Wietrzychowski  (1964)  found  a similar  sharp  contact  at 
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Little  Gap  by  trenching.  Along  the  Tiirnpike  the  lithology  changes  Iroin 
alternating  light-colored  siltstones  and  clays  below  to  black  clay  shale 
above.  The  upper  contact  is  gradational  over  a distance  ot  2,'i  to  100  leet 
from  clay  shale  below  to  silty  shale  above,  accoin|)anied  by  a subtle 
change  in  the  weathering  characteristics  ol  the  different  lithologies.  The 
Marcellits  clay  shale  disintegrates  into  pajcer-thin  platelets  with  little  or 
no  color  change,  while  the  overlying  Mahantango  shales  break  down  into 
thicker  and  more  irregularly  shaped  pieces  with  a color  change  to  lighter 
shades  of  gray.  This  gradation  is  exposed  at  WTst  Bowmans,  but  is 
generally  difficult  to  detect  elsewhere. 

Because  of  the  gradational  nature  of  the  upjter  contact  and  the  struc- 
tural complexity  of  the  only  complete  exposure  of  the  unit  (see  section 
on  structural  geology)  , no  exact  thickness  can  be  determined  for  the 
Marcellus  Formation  in  the  mapped  area.  However,  if  it  is  assumed  that 
little  or  no  thickening  has  occurred  in  the  Turnpike  exposure,  then  a 
thickness  between  7,a()  and  HOO  feet  may  be  assigned  to  the  unit. 

For  the  purpose  of  mappitig  in  the  Lehighton  atid  Palmerton  cpiatl- 
rangles,  the  Marcellus  Formation  and  Butteimilk  Falls  Limestone  have 
been  combined  and  mapjred  as  one  unit.  The  ujrper  contact  ol  the  tinder- 
lying  Palmerton  sandstone  was  used  as  a convenient  lower  mapping 
boundary.  The  upper  contact  of  the  Marcellus  with  the  overlying 
Mahantango  is  rtirely  detectable  in  the  mapped  area  because  of  its 
gradational  nature  and  because  of  the  alluvial  and  colluvial  cover  (Plate 
1)  w'hich  often  overlies  the  transition  zone.  Thus  the  mapped  boundary 
between  the  i\farcellus  and  the  Mahantango  is  somewhat  subjective. 

The  Marcellus  shale  exposed  in  the  center  of  tlie  Lehighton  anticline 
(Plate  1)  has  not  been  previously  reported  from  that  area.  I'he  exposed 
shale  appears  to  be  the  same  as  that  occurring  in  the  southern  part  of 
the  area. 

M icroscopic  Characteristics 

Thirteen  thin  sections  of  the  Marcellus  Formation  were  examined. 
Eleven  ot  the  samples  were  collected  at  intervals  (average,  90  feet;  range, 
10-2r)5  leet)  on  the  west  side  of  the  I'urnpike  roadcut  at  West  Bowmans. 
The  other  two  samples  came  from  the  .-Mliance  Sand  Company  ejuarry 
north  of  Palmer toti. 

I'he  bulk  of  the  Marcellus  (9  slides)  comprises  a mass  of  black,  homo- 
geneous organic  material  which  obscures  a niatiix  ot  jncdominantly 
microcrystalline  silica  mixed  with  minute  sericite  flakes.  The  organic 
material  is  froth  disseminateef  throughout  the  rock  and  concentrated  in 
planes  parallel  to  bedding.  Sericite  is  the  predominant  mineral  in  2 slides 
and  is  aligned  parallel  to  bedding  with  a resultant  “rock  extinction” 
under  crossed  nicols.  Seven  of  these  slides  contain  a small  amount  of 
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clay-sized  nodules  and/or  euhedral  grains  ot  jryrite.  The  (juamity  ot 
])yrite  decreases  upward  through  the  lonnation  and  in  the  2 uppermost 
samples  pyrite  is  not  present.  In  Iroth  ot  these  uppermost  samples  there 
is,  however,  a small  quantity  ol  clay-si/cd  magnetite-ilmenite  particles. 

About  1 jrercent  ol  each  slide  is  very  fine  to  fine-grained  silt-sized  cptartz 
grains  wliich  are  scattered  throughout  the  slide.  Rare  medium-grained 
silt-sized  muscovite  Hakes  also  occur. 

rinee  ot  the  slides  were  trom  the  calcareous  zone  in  the  lower  Marcel- 
lus  and  show  it  to  be  a mixture  ot  predominantly  coarse  microcrystalline 
calcite,  small  amounts  ot  fine-  to  medium-grained  silt-sized  quartz  grains, 
jryrite,  dis.seminated  black  organic  material,  and  tossil  fragments.  The 
fossils  are  mainly  brachiopod  shells  and  some  crinoid  stems  which  have 
been  replaced  by  sparitic  calcite.  d'he  tossil  fragments  are  generally  sand 
sized  or  smaller.  I’he  pyrite  constitutes  up  to  b jrercent  ot  the  slide  and 
occurs  as  clay-sized  anhedral  and  euhedral  grains  as  well  as  amorphous 
silt-sized  masses. 

Sedimentology 

'I'he  origin  ot  black  shales  has  been  much  debated  and  excellent  dis- 
cussions are  given  by  Rich  (1951),  Pettijohn  (1957,  p.  361-363;  622-626), 
Dunbar  and  Rodgers  (1957,  p.  202-298)  , and  Conant  and  Swanson  (1961). 
The  highly  carbonaceous  atid  pyritic  Marcellus  Formation  was  probably 
formed  in  poorly  aerated  deep  water  which  resulted  from  continued 
subsidence  and  lack  ot  detrital  input  in  the  mapped  area  and  in  the 
larger  area  of  Marcelltis  occurrence.  Such  poorly  aerated  conditions  are 
producetl  by  a lack  ot  circulation  atid  result  in  iticreased  pFl  (acidity- 
alkalinity)  and  decreased  Eh  (oxidation-reductioti  potential)  . The  or- 
ganic material-pyrite  association  indicates  an  Eh  ol  —0.25  or  lower  and  a 
pH  ot  7.0  or  higher.  The  calcareous  zotie  near  the  base  of  the  formation 
and  the  calcareoits  concretions  in  the  up|rer  part  of  the  unit  presumably 
indicate  a slightly  higher  Eh  and  a pH  ol  7.8  or  higher  (Krumbein  and 
Ciarrels,  1952,  p.  26).  The  more  abundant  fautia  in  the  lower  calcareous 
zone  indicates  .somewHiat  more  aeratetl  cotiditions,  whereas  the  sparse 
fauna  in  the  remainder  of  the  shale  intlicates  poor  aeration.  No  comment 
can  be  oltered  regarding  the  reason  tor  the  poor  circulation  on  the  basis 
of  observations  in  the  mapped  area.  The  stratigraphic  context  ot  the 
shale,  the  lack  ot  detritus  in  the  unit,  and  the  lack  ot  any  sedimentary 
structures  argue  well  tor  a deep-water  origin  iti  which  poor  circulation 
allowed  the  development  ot  anaerobic  conditions,  accumulation  ot  abun- 
dant organic  material,  and  production  ot  pyrite.  Deposition  of  this  black 
shale  was  terminated  by  increased  circulation  and  detrital  input  asso- 
ciated with  Mahantango  sedimentation. 
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Mah  an  tango  Formation 

The  Mahantango  Formation  in  the  mapi^ecl  area  intlticles  Itctween 
2,100  and  2,400  teet  of  silty  shales,  and  contains  tour  lossi li lerous  /ones 
and  a siltstone  /one. 

Small  otitcro|«  of  the  Mahantango  Foiination  are  common,  Itut  con- 
tinuous exposures  are  rare.  Sotith  ol  the  \Feii  Motmtain  syncline,  the 
most  complete  expostnes  occur  along  the  Feliigh  Valley  Railroad  north 
of  WTst  Bc/\vmans  on  the  west  side  of  the  Lehigh  River,  along  the 
ap])roach  ramp  to  Pa.  Rotite  248  north  ol  Bowmanstown  on  the  east  side 
of  the  Lehigh  River,  along  a secondary  road  going  west  from  the  town  ol 
Little  Gap  toward  Ghristian  Gorner,  and  along  the  hrst  road  to  the  north 
which  joins  this  road.  In  Pohopoco  and  .Mahoning  Creek  valleys  good 
exposures  occur  along  U.S.  Rotite  209  in  Lehighton,  along  the  old  Lehigh 
Canal  at  North  Weisspoi  t (measured  section  7)  , along  the  Lehigh  Valley 
Railroad  through  Lehighton,  and  along  the  banks  ol  Pine  Rtm. 

1 he  Mahantango  is  medium-dark  gray  (N4)  to  dark  gray  (N’3)  when 
fresh  and  weathers  to  a variety  of  lighter  gray  and  olive-gray  hues,  laght- 
olive  gray  (5V6/1)  and  brownish  gray  (,aYR4/l)  are  typical  weathered 
colors,  but  much  of  the  weathered  shale  has  been  tinted  by  iron  staining 
and  is  pale-yellowish  brown  ( I ()M4.(')/2)  , yellowish  gray  (r)Y7/2)  (prob- 
ably most  typical)  , light  brown  (.aYRS/O)  and  dark-yellowish  orange 
(10YR6/h)  . WTathered  Mahantango  shale  in  the  area  east  of  the  Lehigh 
Ri  ver  and  north  of  Pohopoco  Creek  is  often  grayish  orange  (l()YR7/4)  . 
This  coloration  restilts  from  staining  by  materials  leached  from  Illinoian(?) 
glacial  drift  which  formerly  co\erecl  the  rock,  btit  which  has  now  been 
eroded  in  much  of  the  area. 

The  Mahantango  in  the  mapped  area  is  basically  a massive,  nonbedded, 
silty  shale.  The  shale  has  a graininess,  ap|Kirently  related  to  the  amoitnt 
of  microcrystalline  silica  in  the  rock,  which  sometimes  creates  a false 
impression  that  the  Mahantango  is  a siltstone.  Bedding  is  often  obscure 
in  outcrops  on  the  south  limbs  of  synclines  in  the  area  where  parting  in 
the  shale  is  controlled  by  cleavage  (Figure  91)  , btit  is  sometimes  indicated 
by  thin  (1  to  2 mm  thick)  brownish  siltstone  layers.  Rarely,  bedding  is 
indicated  by  an  alignment  of  small  (i/o  to  2 inches  in  diameter)  cal- 
careous or  noncalcareous  nodular  concretions. 

I'he  mineralogic  and  chemical  composition  of  samjrles  of  the  Mahan- 
tango shale  is  presented  in  Table  7. 

The  Mahantango  breaks  down  into  plates  whose  shapes  and  sizes  are 
controlled  by  cleatage,  jointing,  and  poorly  defined  bedding-parallel 
partings.  4 he  Mahantango  shales  which  occtir  on  the  south  limb  of  the 
Weir  Mountain  syncline  and  on  the  north  limb  of  the  Lehighton  anti- 
cline are  highly  jointed  and  have  very  prominent  cleavage.  The  clisin- 
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Figure  91 , Outcrop  of  Mahantango  shale  with  parting  controlled  by  cleavage.  The  beds 
dip  into  the  face  of  the  outcrop  (north).  Outcrop  is  on  north  side  of  Fireline 
Road,  Bowmanstown. 


tegration  pieces  range  horn  small  chips  1 to  2 mm  thick  anti  a few 
millimeters  long  to  large  angular  pieces  1 to  3 inches  tliick  anti  np  to  1 
foot  long.  Long  pencil-like  fragments  >4  to  i/o  inch  thick  and  several 
iirches  long  are  occasionally  clevelo|jetl.  Disintegration  pieces  in  any  given 
locality  tend  to  be  fairly  uniform  in  size  and  shape.  Breakdown  where 
cleavage  is  not  as  well  developed  in  the  rock  is  less  regular  and  usually 
resrdts  in  moderate  variation  in  size  and  shape  of  disintegration  pieces. 
Breakdown  of  tlie  shale  into  its  component  parts  was  not  observed  in 
the  area,  but  presumably  restdts  in  a mixture  of  clay  and  silt. 

Ellipsoidal  exfoliation-like  structures  up  to  5 feet  long  with  axes 
parallel  to  cleavage  (Figure  92)  are  common  to  many  Mahantango 
exjtosures  on  the  soutli  limbs  of  the  synclines.  These  structures  develop 
by  mechanical  disintegration  along  intersecting  cleavage,  bedding  and 
fracture  planes  in  the  shales  having  prominent  cleavage.  These  weather- 
ing strtictures  in  the  Mahantango  were  misinterpreted  as  primary  sedi- 
mentary structures  by  Willard  (Willard  and  Cleaves,  1933,  p.  763; 
Willard,  1957,  p.  2302)  and  called  “storm  rollers.” 

Except  for  the  fossiliferous  zones  described  below,  fossils  are  not  com- 
mon in  the  Mahantango  Formation.  Brachiopods,  pelcypods,  and  gastro- 
pods occur  rarely  in  isolated  outcrops.  These  scattered  fossils  seem  to 
occur  maitily  in  the  interval  between  the  Centerfield  fossil  zone  and  the 
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-igure  92.  Ellipsoidal  exfoliation  developed  by  mechanical  disintegration  of  Mahan- 
tango  shale  along  cleavage,  fracture,  and  bedding  planes.  Outcrop  is  along 
the  north  approach  ramp  to  Pa.  Route  248  north  of  Bowmanstown. 


Nis  Hollow  siltstone.  Bedding-plane  concentrations  of  pelecypod  valves 
I sometimes  occur  a lew  feet  to  a few  tens  of  feet  below  the  base  of  the 
I Nis  Hollow  siltstone. 

' The  Mahantango  Formation  in  the  mapped  area  contains  five  ma])- 
.pable  subunits  of  varying  persistence;  four  fossiliferous  units  and  a silt- 
I stone  unit.  Because  of  the  thinness  of  these  units,  they  are  represented 
only  as  lines  on  the  geologic  map  (Plate  1)  . Tliey  have  proved  useful  in 
the  delineation  of  local  faulting.  The  fossiliferous  units  were  discussed 
briefly  by  Sevon  (1967b),  but  were  not  given  names.  Informal  names  are 
applied  in  this  report  for  reasons  of  convenience  and  association. 


' 


Little  Gap  Fossil  Zone 


i The  lowermost  fossiliferous  unit  of  the  Mahantango  Formation  in  the 
mapped  area  (referred  to  as  “Lower  fossiliferous  member"  in  .Sevon, 
‘1967b)  is  herein  informally  named  the  Little  Gap  fossil  zone  after  typical 
exposures  just  west  of  Little  Gap  along  the  road  on  the  nortli  side  of 
Hunter  Greek.  The  member  occurs  about  1.340  feet  below  the  tojY  of  the 
formation  in  the  area  of  Bowmanstown  and  about  L.a30  feet  below  the 
itop  in  the  area  of  North  WTissport. 
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The  fossil  zone  is  made  up  of  medium-dark-gray  (N4)  to  dark-gray 
(N3)  , calcareous  and  noncalcareous,  silty  fossiliferous  shales.  Fossils  in- 
clude brachiopod  valves,  horn  and  colonial  corals,  bryozoans,  trilobites, 
and  crinoid  columnals.  These  fossils  vary  in  abundance  and  position 
within  the  member  and  a complete  ascending  succession  through  the 
member  is  typically:  1)  gradation  from  nonfossiliferous  shale  into  silty 
shale  containing  a few  scattered  brachiopod  valves;  2)  concentrations 
of  brachiopod  valves  and  crinoid  columnals  on  bedding  planes;  3)  struc- 
tureless beds  profuse  with  randomly  oriented  valves,  crinoid  columnals, 
horn  corals,  and  bryozoans;  and  4)  rapid  gradation  within  a few  inches 
through  a zone  of  scattered  brachiojjod  valves  and  crinoid  columnals  into 
nonfossiliferous  shale.  The  fossils  in  weathered  exposures  of  this  member 
usually  occur  as  molds,  but  fresh  rock  exposed  in  stream  beds  often  con- 
tains calcitic  fossils. 

Good  exposures  of  the  Little  Gap  fossil  zone  are  not  common,  but  the 
persistence  of  fossiliferous  float  from  the  unit  makes  the  member  readily 
mappable.  The  member  is  usually  calcareous  and  tends  to  be  slightly 
more  resistant  to  mechanical  disintegration  than  adjacent  shales.  As  a 
residt  of  this  resistance,  the  member  normally  forms  a slight  topographic 
rise  (1  to  3 feet)  and  sometimes  has  a noticeably  different  tonal  quality 
on  aerial  photographs. 

The  lattle  Gap  fossil  zone  has  not  been  found  west  of  the  Lehigh 
River  on  the  south  side  of  the  Weir  Mountain  syncline  and  does  not 
appear  to  persist  more  than  5 miles  west  of  the  Lehigh  River  on  the 
north  side  of  the  syncline.  The  zotie  is  readily  mappable  northeast  of  the 
Lehigh  River  on  both  limbs  of  the  Lehighton  anticline  and  south  of  the 
Weir  Mountain  syncline.  It  thickens  to  the  northeast,  attaining  a maxi- 
mum known  thickness  of  40  feet  at  Kunkletown,  and  becomes  a more 
prominent  topographic  feature  northeast  of  the  mapped  area. 

Kiinkleiown  Fossil  Zone 

7 he  next  higher  subunit  of  the  Mahantango  Formation  in  the  mapped 
area  is  another  fossiliferous  member  (referred  to  as  “Other  fossiliferous 
member’’  in  Sevon,  1967b),  here  informally  designated  the  Kunkletown 
fossil  zone  after  exposures  occurring  in  the  area  of  Kunkletown.  This 
fossil  zone  is  knowm  in  the  mapped  area  only  from  float  in  the  easternmost 
part  of  the  area  south  of  the  Weir  Mountain  syncline.  The  following 
discussion  of  its  character  is  based  on  exposures  occurring  to  the  east 
around  Kunkletown. 

1 he  Kunkletown  fossil  zone  occurs  about  halfway  between  the  under- 
lying Little  Gap  fossil  zone  and  the  overlying  Genterfield  fossil  zone,  but 
no  distance  below  the  top  of  the  formation  can  presently  be  assigned  to 
the  unit.  "Lite  fossil  zone  is  characterized  by  the  occurrence  of  fossils. 
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mainly  horn  corals,  in  calcareous  shales  which  are  similar  to  adjacent 
noncalcareous  shales.  Within  the  mapped  area  the  Kunkletown  iossil 
zone  is  recoi^ni/ed  only  Iry  the  occurrence  ot  float  material,  but  to  the 
east  the  member  tends  to  torm  a topo, graphic  hi»h  as  well  as  abundant 
float.  The  maximum  known  thickness  of  the  member  is  10  feet  at 
Kunkletown,  but  the  thickness  is  probably  less  in  the  maitped  aiea.  T his 
zone  is  known  to  persist  northeast  of  Kunkletown  for  at  letist  a miles 
and  presumably  its  disappeartuice  in  the  mapped  area  represents  the 
pinching  out  ot  a biofacies. 

Centerfield  Fossil  Zone 

The  third  subunit  of  the  Mahantango  Formation  in  the  mapped  area 
is  the  Centerfield  fossil  zone  (called  “Middle  fossiliferotis  member"  in 
Sevon,  1967b).  This  fossil  zone  was  correlated  faumilly  with  the  Centerfield 
limestone  of  New  York  by  Willard  and  others  (19,39,  p.  178-179),  and  the 
name  Centerfield  is  retained  here  for  that  reason.  .\n  outcrop  ot  the  fossil 
zone  on  the  Turnpike  at  West  Bowmans  has  been  called  the  “Centerfield 
coral  zone”  by  Wilhird  (1957,  p.  2302)  and  the  unit  is  jtresumalrly  the 
same  as  the  “Centerfield  coral  zone”  ;it  the  East  Stroudsburg  locality  in 
east-central  Monroe  County  (Wdllard,  1936a:  Beerltower,  1957),  l)ut  no 
physical  correlation  by  lateral  tracing  has  yet  been  accomplished.  The 
base  of  the  unit  occurs  about  835  feet  below  the  foiinatioti  top  on  the 
south  side  of  the  WTir  Mountain  syncline  and  about  668  feet  below  the 
formation  top  at  North  WTissjtort. 

The  fossil  zone  consists  ol  medium-dark-gray  (N  1)  to  dark-gray  (N3)  , 
calcareous  (usually)  , silty  shale.  T he  zone  contains  brachiopod  valves, 
bryozoans,  horn  corals,  trilobites,  pelecypods,  cephalopods,  and  crinoid 
coltimnals.  I'hese  fossils,  paitictilarly  the  brachiopod  valves,  often  occur 
scattered  throughout  several  tens  of  feet  of  \ertic;il  setjuence,  but  gen- 
erally the  main  bulk,  particttlarly  the  cortils,  is  concentrated  in  a zone 
10  to  20  feet  thick.  Above  this  concentration  the  fossils  are  relatively 
rare,  l ire  fossil  concentrations  almost  always  occur  in  definite  beds  which 
are  often  interbedded  with  nonfossililerous  beds.  Tlie  presence  of  some 
scoured  bases,  orientetl  single  brachiopod  valves  and  thin  beds  of  batten 
shale  intermixed  with  fossil  concentrtitions  suggests  current  ;icti\ity  and 
transported  fossil  material  rather  than  a life  assemblage.  In  fresh  rock 
the  fossils  are  calcitic,  but  in  most  exposures  weathering  has  left  only 
molds  which  sometimes  show  very  delicate  fossil  structure. 

The  boundaries  of  the  unit  are  gradational  and  the  line  placed  on  the 
map  corresponds  to  the  main  part  of  the  member  which  produces  the 
largest  amount  ol  float  material.  Float  from  the  Iossil  zone  is  generally 
abundant  and  the  calcareous  shales,  which  are  slightly  mtrre  resistant  to 
mechanical  breakdown  than  adjacent  rocks,  form  a slight  topogra|)hic 
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rise  (1-.')  feet)  in  the  mapped  area  and  an  even  larger  to])ugraphic 
e\])ression  east  ol  tlie  area. 

riie  (ienterfield  lossil  /one  is  about  18  ieet  thick  at  West  Bowmans 
and  about  10  Ieet  tliick  at  Leliigliton,  idtliough  the  main  fossil  concen- 
tration at  Leliigliton  occurs  in  the  ipipermost  10  Ieet  of  the  /one.  The 
fossil  /one  thins  to  the  southwest  and  may  not  persist  to  the  Schuylkill 
Ri\er,  althongii  float  Ironi  the  unit  has  Iteen  found  as  tar  as  5 miles 
southwest  ol  the  Lehigh  River.  Idie  (lenterfield  fossil  /.one  becomes  more 
fossiliferous  .nul  ;ip|)arently  thicker  northeast  of  the  Lehigh  River. 

Except  for  the  railroad-dit  exposure  north  of  West  Bowmans  and  an 
cxjiosure  along  U.S.  Route  200  o|)])osite  the  Lehighton-Weissport  bridge, 
complete  ex])osures  of  this  unit  are  rare.  Good  partial  exposures  occur 
along  Pohopoco  Greek  and  along  Btickwha  Greek  east  of  Little  Gap. 

A't.s  Hollow  SiUstone 

I he  Nis  Hollow  siltstone  is  unitpie  in  that  it  is  the  only  interval 
between  the  tojj  ol  the  Palnierton  Formation  and  the  base  of  the  Tow- 
aniensing  .Menilier  ol  the  Gatskill  Formation,  about  4,500  feet  of  rock, 
which  contains  saiid-si/ed  material.  T he  name  is  taken  from  Nis  Hollow, 
which  o|)ens  into  the  Lehigh  River  op|)osite  the  best  expostire  of  the 
siltstone.  4 his  exposure  occiirs  on  the  e;ist  side  of  the  approach  ramp  to 
Pa.  Route  218  north  ol  Bowmanstown. 

4’he  Nis  Hollow  siltstone  consists  of  a imiximum  of  56  feet  of  inter- 
bedded  line-  to  coarse-grained  siltstones  and  very  fine  grtiined  sandstones 
occurring  in  well-defuietl  beds  genertilly  2 to  6 inches  thick.  The  siltstone 
beds  almost  always  ha\e  sharj)  botindaries  anti  are  broken  by  regular  and 
clean  joint  [thincs  normal  to  betiding.  These  joints  intersect  at  acute 
tingles  ;uul  often  treate  very  tinguhir  wedge-shapetl  float  blocks.  The  fine- 
grainetl  siltstones  tire  metlium-tl.u  k gray  (N4)  in  color,  whereas  the 
co;u se-grainetl  siltstones  and  stmdstones  vtiry  between  medium  gray  (N5) 
anti  liglu-olite  gray  (5Y6/1).  Most  of  the  sandstones  and  coarse-grainetl 
siltstones  are  t harat  teri/etl  by  smtdl  pinpoint-  to  pin-head-si/ed  light- 
brown  (5VR5/())  spots  on  wetitheretl  surfaces.  These  spots  are  always 
stiitteretl  uniformly  over  the  rotk  surhice  tintl  range  Irom  5 to  25  percent 
of  the  total  surface  tirea;  they  represent  iron  stain  caused  by  weathering 
of  iron  partitles  in  the  coarser  grainetl  rocks. 

Detailetl  cxtmiimition  ol  intlivitlmil  betls  shtiws  that  many  massive  and 
apparently  homogeneous  betls  are  comptised  of  ntnnertitis  interbeds  of 
\;irying  grtiin  sizes.  Fhese  interbeds  are  often  laterally  discontinuous, 
have  scouretl  bases,  ttmtain  shale  thips,  tint!  sometimes  are  graded. 
.\niimil  burrow  mottliug  is  tt)mmt)n  ;mtl  olten  tlisrupts  interbeds.  In 
some  fine-  tt)  metlium-grtiinetl  siltstone  betls  the  tinimal  burrows  are 
filletl  with  coarser  grainetl  material  ;uul  olten  hate  light-brown  iron-stain 
spots. 
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Some  partiii”  planes  liave  \'aryin^  amounts  ol  mica  II. ikes  oriented  on 
the  planes.  .Most  hound. tries  between  ])iominent  beds  .ne  phssic.d  breaks 
between  contiastint^  ”iain  sizes,  but  some  boundaiies  are  cobeient  .ind 
do  not  readily  separate. 

Isohited  biathiopod  \ al\es,  jielec  \ jtods,  and  hoi  n corals  occasionalb 
occur  in  this  unit,  jrai  tic  tilai  ly  in  the  u|)pei  niost  part. 

Only  three  complete  outciops  ot  the  unit  .ne  known,  one  north  ol 
Bownumstown  alont*  the  .ijipi  oach  ramp  to  I’a.  Route  2 IS,  one  in  noith 
^^■est  Lehighton  and  one  noith  ol  North  W'eissport  (measured  section  7, 
unit  2S)  . Other  outciops  .ne  incomplete  and  olten  show  only  a lecv  beds, 
rhe  unit  is  readily  mapjted  because  ol  the  distiiutice  lloat  matciial  and 
the  prominent  topogra|rhic  expression  (ti|)  to  ‘id  or  more  leet  abo\e  the 
adjacent  shales)  which  results  Irom  the  unit's  greater  resistance  to 
erosion.  The  greater  resist. nice  to  erosion  is  a consecpience  ol  (1)  the 
well-bedded  and  massi\e  nature  ol  some  ol  the  beds,  (2)  the  hick  ol 
jrrominent  cleaxage  in  the  unit  (which  would  create  planes  ol  weakness) 
and  (3)  the  hardness  ol  the  coarser  grained  rocks. 

The  Nis  Hollow  siltstone  ajipcars  to  thin  to  the  northeast  ol  the 
Lehigh  River  and  is  not  map|Kible  east  ol  the  Lehigh  Riser  on  the  north 
limb  ol  the  Lehighton  anticline,  even  though  ex]rosures  in  Pine  Run 
(northeast  corner  ol  ma|rpecl  area)  indicate  that  traces  ol  the  lithology 
persist  to  that  ])oint.  To  the  southwest  ol  the  ma]jpecl  area,  the  unit 
apparently  persists  but  is  cpiite  thin. 

.-Mthough  the  siltsteme  occurs  in  the  same  lelative  stratigraphic  position 
as  the  Montebello  sandstone  ol  the  .Suscpiehann.i  Riser  area,  no  physical 
correlation  by  lateral  tracing  betsveen  the  Xis  Hollosv  siltstone  .incl  the 
Montebello  sandstone  has  been  attempted. 

'fully  Fossil  Zone 

I he  uppermost  subunit  cjI  the  M.ihaiitango  Formation  in  the  mapped 
area  is  the  Fully  lossil  zone  (relerred  to  as  “Upper  lossili lerons  member 
in  Ses'on,  19()7b).  I his  member  is  named  lor  an  outcrop  on  the  east  side 
ol  the  a|rproach  ramj)  to  Pa.  Route  2‘1<S  north  ol  Bosvmanstosvn.  kossils 
Irom  this  outcrerp  have  been  correlated  svith  typical  \ idly  launa  else- 
svhere  bs  Willard  and  others  (1939,  |r.  22,7). 

Willard  (193.7)  delined  the  d ully  as  the  base  ot  the  ll|)per  Desoniaii 
and  described  an  exjiosurc  ot  this  unit,  svhich  he  considered  a iorniation, 
along  the  east  bank  ol  the  Lehigh  Riser  svhere  its  lanna  are  typical  ol 
the  Fully  regionally  (Willard,  1977,  p.  2303).  Heckel  (1909,  j).  10)  com- 
pared the  Fully  in  Pennsylvania  svith  the  type  Fulls  in  Xesv  7’ork  and 
confirmed  this  selection  ol  the  Tully  herrizon  based  on  diagnostic  launa 
svhich  included  “echinocteiin  pieces,  trilobites,  anloporids  and  small  horn 
corals,  lenestellids,  sulcoreteporid,  rhomboporid,  and  listuli |joi  id  bryo- 
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/oans.  .md  l)i  ,h  liiojXKls  iiicliidini;  Ahyjxi  spnioMi  llall,  small  spiri Icritls, 
a iri  chi  al  ulid  and  Doin’illnni." 

l ussils  liom  diis  /oiu'  occuiiiii”  .don^  ilic  limbs  ol  the  l,clu<;hicm  anti- 
(linc  li.i\c  been  disc  iisscd  b\  Skiimci  (lb  IS)  and  Stc\cnson  and  Skinner 
(lb  lb)  and  lelaicd  to  tlncc  dillercni  mcmbcis.  Ma|>|)inL;  ol  the  tossil 
/one  has  not  demonsiiated  that  three  dilleient  hoii/ons  exist  at  this 
]>aiiitnlai  stralit^i  a|)hic  le\el,  and  the  membei  n.nnes  a|)|)lied  by  Ste\en- 
son  and  Skinnei  (W'eisspoi  t,  lliodhead  (iieek,  and  Lehii(hton)  ate  not 
used. 

The  nnii  is  m.ide  tip  ol  metli  tim-dai  km  ;t\  (N'l)  to  daik-t^iay  (N3)  . 
(ahaieons  to  noiu  .1  h ai  eons,  lossililerotis  silt\  shales,  d heie  ;i|r]re;irs  to  1)C 
no  s\  siemat  i(  disti  i bnt  ion  ol  dilleient  .t;i  ain  sizes  ot  c ah  ai  eons  beds  with- 
in the  unit.  I he  lossils  aie  dominaiilh  bi  a(  hio|)otl  \al\es  and  trinoid 
tolnmnals  with  some  hotn  corals  and  bi\o/oans.  1 he\  are  ncneiitlly 
alirtned  alon^  beddini;  |>lanes  or  concenliaied  in  thin  cahtneons  beds 
which  aie  i ntei  bedded  teitli  nonlossihleions  beds.  The  main  concentr;i- 
tioii  ol  lossils  a|)|)ears  to  be  in  the'  nppei  pail  ol  die  lossil  /one  and  \ery 
lew  lossils  oc  c 111  abo\ e this  main  bulk.  Ihin,  \ci\  c oai  se  grained  siltstone 
beds  np  to  (>  inches  thick  sometimes  occiii  lb  to  ,S()  Ic'et  below  the  base 
ol  the  /one.  Some  I-  to  L’-inc  h-chatiietei  s|)heroiclal  aticl  |)Viitic  nodules 
aic-  aliened  aloni;  beddim;  platies  iti  the'  lowei  pal  t ol  the  /one. 

l-\posines  ol  the  l iilK  membei  .tie  not  common,  d he  Uowm.tnstown 
exposnie  .md  ,111  exposnie  .iloiit;  the  .ib.indoned  heliinh  (iaii.tl  north  ol 
Noith  Wh'isspoit  .lie  the  onh  known  complete  or  nearh  complete  cx- 
postnes  in  the  m.ipped  .iie.r  l■'ossililc■lons  lloat  liom  the  unit  is  relativeh’ 
sp.iise,  bill  nsn.tih  delect. ible.  except  east  ol  the  I,ehi.<;h  Ri\c‘i  on  the 
iioith  limb  ol  the  l.ehit;hion  .nilicline  wheie  i^l.ici.il  coeer  obscures  the 
loss!  I /one.  I he  1 1 0.1 1 ni.ileii.il  I \ pic  .1 1 1 \ c onsi  si  s ol  pl.it  \ piec  es  ol  si  1 1 stone 
c oni.iininr;  molds  ol  bi\o/o.ins  .md  bi  achiopod  \ al\es.  I he  float  rock 
tisii.ilh  h.is  ,1  shi;ht  L;ieenish  lint  on  the  we. tillered  snil.ices, 

I hc'  lossil  /one  h.is  no  distinct  bound. nies  .md  is  defined  by  the 
occinience  ol  c one  en  1 1 .tied  lossils.  I he  shales  comprisinn  the  unit  .are 
sinni.ii  to  those  .ibo\e  .ind  below  the  mcanbci  .nicl  .tie  tcpical  ol  the 
M. ill. lilt. ini;o  l•olnl.lllon  ol  the  ni.ip|)ed  .iie.r  I he  thickness  ol  the  /one 
is  .ipp.ii  c 111  l\  c.iii.ible.  .\l  the  bow  in.insiow  n c’xpostire  it  is  (il  leel  thick, 
wIicicMs  in  pool  Cl  expostnes  elsewhere  its  thickness  m.i\  not  exceed 
L'b  leel. 

\bo\e  the  lop  ol  the  I iillv  membe  i at  the  l>ow  inanstow  n exposure  is 
.iboni  I "1  leel  ol  sh.iles  identic. il  to  those  ol  the  .\I.ih.inlanL;o  !•  Ol  in;it  ion 
below  the  lossil  /one.  I Isewheie,  bec.inse  ol  kick  ol  exposure.  lhc‘  amount 
ol  ivpic.d  .\l.ih.nii.inr;c)  lock  .iboce  the  I iill\  lossil  /one  is  not  known, 
Imi  llo.ii  111. lie  11, d nsn.ilK  siiLtr;esis  the  exisicaue  ol  some  lock  ol  this  type. 

I hese  locks  yi.icle  npw.nd  into  the  m.iteiials  m.ipped  as  d rimmers  Rock 
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Formation;  tiuit  transition  is  cliscussctl  in  the  next  section.  Bccatise  ol 
tlie  proximity  ot  the  Fiilly  fossil  /one  to  the  niipcrmost  rocks  ol  Mahan- 
tango  lithology  and  because  ol  the  ease  ol  using  the  Inlly  flo.it  mateiial 
for  mapping  purposes  as  contrasted  to  the  mote  dilficidt  a|tproach  ol 
ma]rping  a gr.cdational  boinuhiiA,  the  I iilh  lossil  /one  has  been  used  in 
the  mapped  area  as  a mapping  boinulaic  lot  the  top  ol  the  .\fah.nitango 
Formation. 

A I icrosco  j)  if  ('.  h a rn  (tens  lies 

A total  of  127  thin  sections  horn  the  .Mahantaiigo  Foimation  were 
prepared  and  examined,  d'he  distiibntion  ol  the  thiti  sections  is  as 
follows: 

Fypical  shale  from  various  stratigi  aphic  positions 
'Fttlly  fossil  /one 
(ienterheld  fossil  /one 
Xis  Hollow  sandstone 

The  various  cjuantitative  data  cited  below  are  compiled  horn  \isual 
estimates  made  during  examination  of  the  slides. 

'Fhe  typical  Mahantaiigo  shale  is  made  up  ol  abotit  SI  percent  clay, 
16  percent  microcrystalline  silica,  2 percent  detrital  silt  and  1 percent 
miscellaneous  cotnponents.  T he  clay  is  mainly  a tight,  coherent  mass  ol 
fine-grained  flakes  ol  illite-sericite.  Fhese  flakes  are  sometimes  ranclomh 
oriented  and  sometimes  oriented  parallel  to  bedding,  causing  "rock 
extinction"  under  crossed  nicols.  I'he  clay  composition  is  listed  in 
I'able  7. 

Microcrystalline  silica  occurs  ;is  interstitial  material  and  probablv 
accounts  for  the  relative  durability  of  this  rock,  and  is  also  lelated  to  a 
“graininess"  which  sometimes  imparts  a siltstone  texture  to  the  shale. 
.\ngular  cjuart/  grains  in  the  fine-  to  medium-grained  silt  si/e  lange  are 
scattered  randondy  throughout  and  are  occasionally  concenti  ated  in 
laminae.  .Some  of  the  cpiart/  grains  are  stiained.  \'ei\  fine  to  tnedium- 
grained  silt-si/ed  grains  ol  magnetite-ilmenite  occtn  in  small  (piantities 
in  the  shale,  as  do  occasional  sand-si/ed  muscovite  (lakes. 

Rock  in  the  lossil  /ones  ranges  Ironi  shale  similar  to  that  just  described 
to  rock  composed  entirelv  of  a micritic  calcite  tnatrix  and  sjjaritic  calcite 
fossil  fragments.  .Most  ol  these  calcareous  rocks  contain  sotne  clay,  some 
microcrystalline  silica,  and  some  fine-grained  silt-si/ed  cpiart/  grains. 
Small  silt-si/ed  grains  of  |)yrite  are  common,  but  these  make  up  onh  a 
fractional  percentage  ot  the  calcareous  rocks. 

The  Xis  Hollow  siltstones  consist  of  quart/  sill  grains  with  variable 
amounts  ot  clay  and  magnetite-ilmenite.  Fhe  silt  traction  caries  trom 
grains  touching  with  a few  point  contacts  and  abundant  interstitial 


,SI 

1 

90 


144 


I.EHIGHTON  AND  PALMERTON  QUADRANGLES 


Table  7.  Quantitative  X-ray  and  Chemical  Analyses  of  Selected 
Mahantango  Shale  Samples 

A.  Quantitative  X-ray  Analyses  (performed  by  Pennsylvania  Geological  Survey) 
Chlorite- 


■Sample'  Vermiculite 

Mica 

Kaolinite 

Quartz 

Feldspar 

994-2 

9% 

37% 

15% 

37% 

f^% 

994-4 

7 

32 

20 

38 

Yi 

994-7 

5 

34 

18 

41 

Yi 

994-9 

8 

35 

14 

39 

Yi 

994-12 

6 

38 

9 

43 

Yi 

195.5.2 

4 

33 

12 

43 

1 

Average 

7 

35 

15 

41 

Reliability 

±3 

±6 

±7-8 

±4 

±1 

B.  Chemical  Analysis 

of  Sample  195.5.2 

SiO., 

61.00% 

Na.,0 

0.62% 

AI2O3 

18.  15 

TiOa 

.91 

FeoO.3 

4 . 08 

LiO.I. 

5.77 

FeO 

3.34 

S 

.058 

CaO 

.90 

CO2 

1.94 

MgO 

1 . 19 

Comb. 

H.,0  3.47 

K,0 

4.03 

I I2O  (a> 

120°C  .30 

' Samples  994-2,  -4,  -7,  -9,  -12  from  exposures  along  west  of  U.S.  Route  209  immediately 
north  of  its  junction  with  Pa.  Route  443  in  Lehighton.  Sample  195.5.2  from  O’Neill  and 
others,  1965,  p.  109. 


material  to  a solid  Iramevvork  with  sutured  contacts  and  almost  no  in- 
terstitial material.  The  results  of  a detailed  study  of  the  siltstone  at 
Bowmanstown  and  Lehighton  are  jjresented  in  Table  8.  Shales  inter- 
bedded  with  the  siltstones  of  Table  8 yielded  the  following  data:  at 
Bowmanstown  an  average  shale  contained  62  percent  clay  and  had  quartz 
grains  oidy  in  the  medium-  to  coarse-grained  silt  size  range;  at  Lehighton 
an  average  shale  had  72  jrercent  clay  and  finer  grained  silt  (16  percent 
of  the  shales  had  fine-grained  silt;  50  percent,  fine-  to  medium-grained 
silt;  and  34  percent,  medium-  to  coarse-grained  silt)  . 

Strained  quartz  is  the  dominant  component  in  these  siltstones.  A frac- 
tional percentage  of  both  plagioclase  and  alkali  feldspar  grains  occurs 
in  almost  every  thin  section  of  the  siltstones  at  Bowananstown,  but  is 
almost  totally  absent  in  samples  from  Lehighton.  Heavy  mineral  grains 
occur  occasionally.  T he  magnetite-ihnenite  is  jrresent  as  discrete  silt-sized 
grains  and  as  irregularly  shaped  masses  filling  interstices.  The  magnetite- 
ihnenite  is  usually  partly  or  almost  totally  altered  to  limonite  and  com- 
jjrises  iqj  to  5 percent  of  the  rock.  The  quantity  of  magnetite-ilmenite 
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Table  8.  Distribution  of  Siltstone  Components  m the  NIs  Hollow 
Siltstone  at  Bowmanstown  and  Lehightcn 

BOWMANSTOWN  LEIIIGHTON 


% siltstones 

% clay  per 

% siltstones 

'/c  clay  per 

Grain-size 

with  inode  in 

grain-size 

with  mode  in 

grain-size 

class 

grain-size  class 

class 

grain-size  class 

class 

fg-cg  silt 

2 

20 

10 

4,5 

fg-nig  silt 

10 

40 

mg  silt 

2 

40 

mg-cg  silt 

ii 

29 

40 

16 

eg  silt 

68 

15 

40 

8 

eg  silt  to 

vfg  sand 

20 

8 

decreases  as 

the  quantity  of 

clay  increases 

. 1 he  clay  consists  mainly 

fine-grained 

hakes  of  illite-sericitc  and 

occurs  as  interstitial  fillii 

Muscovite  flakes  are  common. 

Sedimenlology 

4'he  Mahantango  Formation  incltides  sediments  deposited  both  from 
suspension  (clays)  and  currents  (silts)  in  apparently  tjuiet  water  of 
unknown  depth.  T he  lack  of  carbonaceous  material,  typical  of  the  un- 
derlying Marcellus  Formation,  implies  increased  circulation  which 
allowed  oxitlation  of  organic  matter.  T he  occasional  minute  siltstone 
layers  indicate  some  current  activity,  hut  sediment  influx  to  the  area  was 
not  abundant  except  during  the  deposition  of  the  Nis  Hollow’  siltstone. 
The  suggested  correlation  of  the  Nis  Hollow’  siltstone  with  the  Monte- 
bello sandstone  of  the  Susquehanna  River  area  and  the  thick  develop- 
ment of  the  Nis  Hollow  at  Bowmanstown  probably  indicate  a temjtorary 
increa,se  in  sediment  influx  to  the  Lehigh  River  area  from  a more  local 
source  during  the  same  time  that  abundant  sediment  influx  developed 
the  Montebello  to  the  southwest. 

The  reoccurring  fossiliferous  zones  indicate  periods  during  which  cur- 
rent activity  was  sufficient  to  encourage  brief  development  of  local 
biostromes.  Light  retpiirements  for  some  of  the  organisms  in  these 
biostromes  (e.g.,  corals)  suggest  that  the  water  was  not  too  deep,  btit 
presence  of  crinoids  indicates  a general  lack  of  severe  agitation.  The 
layered  nature  ol  the  fossiliferous  zones,  the  tlisartic ulated  crinoid 
columnals,  and  the  lack  of  preserved  crinoid  calices  suggest  that  part  or 
all  ol  these  communities  were  jteriodically  destroyed  either  by  extreme 
agitation  (e.g.,  storm  w’aves)  or  as  a ftinction  of  the  food  chain  (i.e., 
eaten  by  other  organisms)  . Such  destructions  were  tem|)orary  and  the 
communities  were  (juickly  reestablished.  The  complete  death  of  the 


146 


II  HIGHTON  AND  PALMKKTON  OUADRANGLES 


biostronie  at  ilie  top  ot  eatli  fossil  /one  presumably  represents  a return 
to  completely  unfavorable  environmental  contlitions. 

rhe  occurrence  of  more  organic  rich  black  shales  abo\e  the  Mahan- 
tango  southeast  of  the  Lehigh  River  must  represent  a return  to  de- 
creased tircidation  in  the  basin. 

UPPER  DEVONIAN 

In  the  Lehighton  and  Palmerton  7 cpiadrangles,  the  Upper 
Devonian  includes  the  Trimmers  Rock  Formation  and  the  Catskill 
F'ormation  (Figure  66).  T he  combined  thickness  of  the  two  formations  is 
8,91  1 feet,  and  they  represent  the  major  portion  of  the  entire  Devonian 
System  in  the  mapped  area.  T he  hidk  of  the  clastic  materials  in  this 
system,  particnlarh  sandstones  and  conglomerates,  occurs  within  the 
Catskill  Formation. 

Fhe  lower  jjart  of  the  I rimmers  Rock  Formation  is  lithologically 
transitional  with  an  nnderlying  shale  which  occurs  above  the  Tally 
fossil  /one  ot  the  Mahantango  Formation.  The  fossils  in  the  Tally  are 
the  basis  for  delineating  the  biostratigraphic  boundary  between  the 
.\fitldle  and  Llpper  Devonian  (Oliver  and  others,  1969). 

T he  top  of  the  Upper  Devonian  is,  in  this  report,  considered  to  be 
transitional  with  the  base  of  the  M ississippian.  The  Mississippian- 
Devonian  .Spechtv  Kopf  Formation  lies  in  this  transition  zone  between 
the  Llpper  Devonian  Catskill  Formation  and  the  Mississippian  Pocono 
F'ormation.  F'ot  a fin  ther  discussion  of  this  boundary,  see  the  section  on 
the  Spechty  Kopf  Formation. 

T’rintiiiers  Rock  Forniatioii 

T he  T'limmeis  Rock  F'ormation,  1,966  feet  thick,  is  fully  exposed  in 
the  south  limb  of  the  Weir  Mountain  syncline  in  an  extensive  roadcat 
on  Pa.  Route  248  along  the  east  bank  of  the  Fxhigh  River  between 
Bowmanstown  anti  Parryville.  T he  expostire  in  this  roadcat  is  the  refer- 
ence section  of  this  report  (Figure  93;  measured  section  8).  Extensive, 
though  not  complete,  exjrosnres  also  occur  downslope  from  Pa.  Route 
248  along  the  laihoad  cat  on  the  east  bank  of  the  Lehigh  River;  on  the 
west  bank  of  the  rivet  jtist  south  of  Pa.  Route  443;  on  the  Northeast 
Fixtension  ot  the  Pennsylvania  Turnpike  just  south  of  Walcksville;  and 
on  the  Northeast  Extension  of  the  Pennsylvania  Turnpike  just  north  of 
West  Bowmans  which  Willard  (1957)  described.  In  addition,  major  oiit- 
ciops  ol  the  T rimmers  Rock  occur  just  south  of,  and  on  the  access  ramps 
of.  the  Mahoning  Valley  exit  of  the  Northeast  Extension  of  the  Pennsyl- 
v;mia  Tnrnpike  (Plate  1).  Other  good  exposares  of  Trimmers  Rock  can 
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Figure  93.  Location  map  of  Trimmers  Rock  Formation  reference  section  and  Towa- 
mensing  Member  type  section. 
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be  observed  at  Harrity  on  U.S.  Route  209  east  of  the  Mahoning  Valley 
exit;  at  the  north  edge  of  |amestown  along  the  west  side  of  U.S.  Route 
209;  and  along  the  railroad  cut  on  the  east  bank  of  the  Lehigh  River 
north  of  Weissport  and  eastward  along  strike  from  the  exposures  at 
Jamestown. 

d'he  Trimmers  Rock  was  given  formation  status  by  Hoskins  (1963,  p. 
203)  in  central  Pennsylvania.  Kleniic  and  others  (1963)  reported  a thick-  j 
ness  ol  1,300  feet  for  the  Trimmers  Rock  in  the  Lehighton  15-minute  \ 
quadrangle.  They  placed  the  bottom  of  the  Trimmers  Rock  Formation 
directly  iqjon  the  top  of  the  Mahantango  Formation,  but  included  the 
Tully  fossil  horizon  in  the  basal  portion  of  the  Trimmers  Rock  rather 
than  in  the  upper  part  of  the  Mahantango. 

Plate  3 shows  the  boundaries  of  the  Trimmers  Rock  Formation  used 
by  previous  authors  in  comparison  to  the  boundaries  used  in  this  report. 
Willard  and  others  (1939),  Cooper  anti  others  (1942),  and  Dyson  (1967) 
placed  the  top  of  the  Trimmers  Rock  at  the  highest  occurrence  of  marine 
fauna.  In  the  present  report,  tlie  formation  is  considered  a lithologically  ! 
distinctive  mappable  unit  whose  boundaries  are  not  based  on  fossil  | 
content. 

I'he  siltstones  and  shales  ol  the  Trimmers  Rock  Formation  underlie 
hills  which  stand  out  topographically  from  the  valleys  fonned  by  the 
shales  in  the  iqrper  part  of  the  Mahantango  Formation  (Plate  1).  The 
relief  of  hills  underlain  by  the  Trimmers  Rock  Formation  increases 
toward  the  top  of  the  formation.  The  iqrward  increase  in  relief  is  related 
both  to  a general  increase  in  grain  size  and  to  an  increa.se  in  the  number, 
frequency,  and  thickness  of  massive,  coarse  siltstone  beds  and  a con- 
comitant decrease  in  fissile  fine-grained  siltstones  and  shales.  The  95 
units  shown  in  measured  section  8 are  not  single  sedimentation  units 
but  rather  are  larger  assemblages  of  beds  of  similar  aspect,  that  is,  beds 
having  similar  parting  properties  and  parting  thicknesses,  color,  lithology, 
and  primary  sedimentary  structures. 

I’he  Trimmers  Rock  Formation  is  made  iqr  almost  entirely  of  siltstone  i 
with  minor  amounts  of  shale.  The  siltstones  comprising  the  bulk  of  the  | 
formation  are  gray  (N2  to  N5).  The  grain  sizes  of  the  siltstones  were 
classified  in  the  field  according  to  megascopically  defined  categories  of 
fine,  medium,  and  coarse  grained.  In  coarse-grained  siltstones,  the  in- 
dividual quartz  and  mica  fragments  can  be  seen  without  a hand  lens  on 
a fresh  surface  normal  to  bedding.  These  visible  grains  do  not  attain 
the  size  of  very  fine  grained  sandstone  on  a sand  gage.  The  term  fine- 
grained siltstone  is  applied  to  units  which  on  a fresh  surface  have  the 
appearance  of  a very  compact  shale,  but  which  have  a gritty  texture 
when  bitten.  Bed  parting  properties  are  not  considered  in  this  definition 
of  fine-grained  siltstone.  Medium-grained  siltstone  includes  rocks  with 
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grain  sizes  ranging  Ijetween  the  grain  sizes  estaljlishetl  lor  coarse-  anti 
fine-grained  siltstone. 

4'he  rriminers  Rock  Formation  h;is  abtinthint  primary  setlimentary 
structures  which  give  insight  to  the  setlimentary  origin  ol  the  lormation. 
The  most  obvious  and  common  primary  sedimentary  structures  are 
massive  graded  siltstone  betls  alternating  with  fissile  parallel-laminated 
siltstone  beds.  Gratletl  siltstone  betls  occur  iu  almost  hall  ot  the  95  luiits 
measured;  parallel-huniuatetl  coarse-  and  fine-grainetl  siltstones  make  up 
approximately  57  percent  ol  the  units.  Cross-laminated  units  are  rela- 
tively rare.  Fine-grainetl  siltstone  betls,  particidarly  those  occurring  at 
the  tops  of  gTatled  betls,  commonly  have  burrows  filletl  with  coarse- 
grained siltstone. 

Gratletl  units  in  the  Trimmers  Rock  tlo  not  contain  the  complete 
sequence  of  primary  structures  in  Bouma's  (1962)  idealized  setpicnce 
(a-e).  Three  ot  the  five  components  ol  Bouma  Irequently  occur— massive 
siltstone  at  the  base  (a),  gratling  iqrward  into  parallel-laminated  coarse- 
anti  fine-grained  siltstones  (b  and/or  tl),  followetl  in  turn  by  a fine-grainetl 
siltstone  layer  (Bouma’s  pelitic  layer,  e). 

Ripple  laminations  (c)  are  not  present  in  the  relerence  section.  Cross 
laminations,  though  not  common  in  the  reference  section,  do  occur,  anil 
consist  of  two  superposetl  parallel-laminatetl  zones,  the  upper  zone 
dipping  slightly  more  steeply  anti  abutting  the  lower.  The  two  zones 
are  separated  by  an  apparent  erosion  surface.  The  to[)s  of  the  lamina- 
tions in  the  iqjper  zone  are  tangential  with,  anti  merge  into,  the  overly- 
ing parallel-laminatetl  betls.  These  planar  cross  laminations  are  con- 
sidered part  of  Bouma’s  b and  tl  units:  however,  because  current-ripple 
laminations  (Bouma  interval  c)  are  lacking,  the  distinction  between 
Bouma’s  intervals  b and  d catinot  be  matle. 

Ball-antl-pillow  structures  (Potter  and  Petti john,  1965)  are  common 
in  the  Trimmers  Rock  Formation,  |)articularly  in  the  qjper  portions 
W’here  massive  coarse  siltstone  beds  have  thicknesses  of  more  than  ten 
feet.  Ball-antl-pillow  structures  at  the  base  of  massive  unit  75  (measured 
section  8)  are  shown  in  Figure  94.  I’hese  loatl-cast  structures  reach  eight 
feet  in  length  anti  two  feet  in  thickness  in  the  observable  dimensions 
normal  to  bedding.  Frakes  (1963)  describetl  these  structures  in  the  Trim- 
mers Rock  in  detail.  Sole  markings  at  the  bottoms  of  these  massive  betls 
are  not  common  in  the  Trimmers  Rock  in  the  Lehigh  River  area,  but 
Mclver  (1961)  has  shown  that  a variety  of  sole  markings  Irecjuently  occur 
in  this  formation  in  other  locales. 

There  are  many  other  primary  sedimentary  structures  in  the  Trimmers 
Rock  Formation  at  its  reference  section  (measnretl  section  8).  In  adtlition 
to  the  gratletl  anti  parallel-laminated  beds,  .some  units  have  discontinuous 
or  wavy  laminations.  T here  are  different  types  of  contacts  between  setli- 
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Figure  94.  Ball-and-pillow  structure  in  the  Trimmers  Rock  Formation,  unit  75, 
measured  section  8.  Dashed  line  shows  base  of  bed. 

mentation  units,  including  sharp,  planar  contacts,  rippled  or  undulatory 
contacts,  and  erosional  contacts  having  evidence  of  a scour  origin.  Scour- 
and-fill  structures  are  present,  and  numerous  shale  chips  occur  at  or  near 
the  base  of  siltstone  beds  resting  upon  fissile  shale.  Burrows,  tracks,  and 
trails,  and  traces  of  carbonaceous  material  having  the  apjrearance  of  fine 
blades  of  grass  have  been  observed  on  the  upper  surfaces  of  the  pelitic 
interval  in  graded  secpiences. 

There  are  two  types  of  shelly  fossil  occtirrences  in  the  Trimmers  Rock: 
(1)  the  common  occurrence  of  scattered  individual  shell  fauna,  generally 
brachiopcxls,  on  bedding  planes;  and  (2)  the  less  frequent,  but  more 
noticeable,  occurrence  of  lenticidar  masses  of  calcareous  shell  fragments. 
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These  lenticular  masses  are  as  much  as  2 feet  thick  and  occupy  what 
appear  to  he  channels  which  have  scoured  the  underlying  bed.  Figure  95 
shows  one  of  these  lentictdar  zones  made  up  entirely  of  shell  fragments 
at  the  base  of  unit  72  in  the  reference  section  (measured  section  H). 

The  top  of  the  Trimmers  Rock  Formation  at  the  reference  section  is 
placed  beneath  the  first  occurrence  of  a tough,  massive,  hue-  to  very  fine 
gi'ained,  medium-gray  sandstone  which  is  the  base  of  the  oterlying  Cat- 
skill  Formation.  I’his  boundary  is  readilv  mappable  in  the  Lehighton 
quadrangle  and  in  contiguous  areas.  The  uppermost  units  of  the  Trim- 
mers Rock  Formation  show  abundant  evidence  of  bioturbation,  wavy 
bedding  and  wavy  laminations,  and  contain  the  only  occurrence  of  flaser 


Figure  95.  Lenticular  fossil  zone,  Trimmers  Rock  Formation,  unit  72,  measured 
section  8.  Dashed  line  outlines  zone. 
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Structures  in  the  lonnation.  'I'he  flascr  structures  are  similar  to  those 
(lescribetl  l)y  Reineck  (1967). 

Sr<linicn/i)I()gic  Origin  of  the  I'riinnirrs  Rock  Formation 

I'he  primary  structures  in  the  I'rimmers  Rock  Formation  are  asso- 
ciated with  turbidite  deposits.  Bed  tliickness  increases  upward,  suggesting 
tlie  development  ol  a more  intense  energy  regime  and  an  increased 
sediment  supply,  apparently  resulting  trom  a gradual  shift  from  offshore 
to  nearer  shore  conditions  in  the  area  of  the  Trimmers  Rock  reference 
section.  I he  burrow  mottling,  flaser  structures,  and  wavy  bedding  in  the 
tipper  part  ol  the  lonnation  also  suggest  a shallower  water  or  a nearer 
shore  environment  than  do  the  turbidites  which  form  the  bulk  of  the 
formation. 

d'he  lithology  and  primary  structures  indicate  that  these  deposits  accu- 
niLilated  ahead  of  an  outbuilding  coastal  margin  in  the  area  between 
tlebouching  river  systems  and  the  shelf  environment.  This  area  of  de- 
})osition  is  here  considered  to  be  analogous  to  the  prodelta  area  of  Fisk 
and  others  (1954).  The  prodelta  is  defined  as  the  snbatpieous  portion  of 
the  delta  platform  where  fine  detritus  accumulates  ahead  of  the  actively 
building  distributary  mouth  bars  forming  on  the  delta  front.  Coleman 
and  Gagliano  (196,5)  listed  many  criteria  for  defining  prodelta  deposits: 
these  include  the  regular  repetition  of  sedimentary  structures,  lentietdar 
laminations,  remains  of  scattered  shells  and  plants,  and  small  burrows 
restricted  to  definite  /ones.  All  are  characteristic  of  the  Trimmers  Rock 
Formation  at  the  Lehigh  River. 

Catskill  Formation 

I'he  most  com|)lete  and  continuous  exposure  of  the  Catskill  Formation 
in  the  Lehighton  Ti/o-minute  cjuadrangle  occurs  along  the  Lehigh  River. 
4’he  lower  portion  of  the  Catskill  Formation  is  exposed  in  the  Weir 
Mountain  syncline  in  the  roadetits  along  the  east  bank  of  the  Lehigh 
River  on  Pa.  Route  248  (Plate  1).  The  major  portion  of  the  Catskill  is 
exposed  on  the  west  bank  of  the  Ixhigh  River  on  U.S.  Route  209  be- 
tween Lehighton  anti  Jim  Thorpe  in  the  north  limb  of  the  I^ehighton 
anticline.  Both  the  transition  at  the  base  of  the  Catskill  to  the  underlying 
Trimmers  Rock  Formation  and  the  transition  at  the  top  of  the  Catskill 
to  the  overlying  Pocono  Formation  are  fully  exposed.  The  Catskill 
Formation  is  7,858  feet  thick  in  the  Lehighton  quadrangle. 

One  ptirpose  of  initiating  detailed  mapping  in  the  Lehighton  and 
Pahnerton  quadrangles  was  to  establish  mappable  rock  units  wdthin  the 
thick  and  apparently  complex  Catskill  Formation.  The  two  cjuadrangles 
were  selected  as  a starting  jxtint  for  mapping  because  the  most  complete 
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exposure  ot  tlie  Catskill  in  northeastern  Penns\lvania  occurs  w ithin  their 
boundaries.  I'lie  exposures  along  the  railroad  ctits  in  the  Lehigh  River 
valley  are  not  new:  the  region  has  been  observed  and  described  b\  other 
workers  in  the  past.  Inevitably,  the  |jrobleins  ot  nomenclature,  criteria 
for  defining  formation  and  member  boundaries,  and  relations  ot  strati- 
graphic subdivisions  to  type  locations  elsewhere  were  in  need  ot  resolu- 
tion. A summary  of  these  problems  is  given  below,  followed  by  a dis- 
ctission  of  the  pro|rosecl  solutions. 

Previous  Work 

The  first  attempt  to  subdivide  the  Upper  Devonian  \Trgent  series 
(Portage  and  Chemung)  and  the  Ponent  series  (Catskill)  ol  Rogers  (1H58) 
was  made  by  I.C.  White  (1881).  Later,  White  (1882)  distinguished  two 
“series"  within  the  LIpper  Devonian  in  northeastern  Pennsylvania:  the 
Chemung  series  (approximately  ecpiivalent  to  the  Trimmers  Rock  Forma- 
tion of  this  report),  which  lay  alrove  the  Middle  Devonian  Hamilton,  and 
the  Catskill  series,  which  lay  above  the  Chemung  and  below  the  base  of 
the  Pocono  Formation.  White  relied  primarily  tipon  lithologic  character- 
istics and  vertical  succession  in  making  his  distinctions  betw'een  Chemung 
and  Catskill  rocks  and  between  the  members  he  defined  as  comprising 
the  Catskill  “series."  He  (White,  1882,  p.  104)  saw  no  lithologic  or  faunal 
evidence  of  the  Portage  series  in  northeastern  Pennsylvania. 

White  (1882)  subdivided  the  Catskill  into  several  members  along  the 
Lehigh  River  between  Lehighton  and  Mauch  Chunk  (now  Jim  1 horpe). 
He  had  defined  these  members  earlier  in  Wayne  and  .Suscjuehanna  Coun- 
ties (White,  1881).  Emphasis  upon  lithologic  properties  and  their  vertical 
succession  underlies  his  interpretations  of  the  stratigraphic  relationships 
between  the  two  regions. 

Lesley  (1892,  p.  1434-LL5.5:  1545-1599)  modified  White’s  Catskill- 
Chemnng  boundary  so  that  it  coincided  with  the  tippermost  occurrence 
of  Chemung  fauna.  1 he  new  botmdary  was  a separation  of  what  were 
thought  to  be  marine  (Chemting)  and  nonmarine  (Catskill)  conditions: 
the  presence  of  shelly  fauna  constituted  marine  rocks  whereas  the  absence 
of  shells  and  the  presence  of  red  beds  constituted  nonmarine  rocks. 
Although  Lesley  was  aware  that  lithologic  members  defincxl  by  White 
crossed  this  faunal  boundary,  he  and  later  workers  ignored  the  dis- 
crepancies between  the  lithostratigraphic  and  biostratigraphic  bound- 
aries. Instead,  emphasis  was  placed  upon  delineation  of  the  boundary 
between  the  marine  and  nonmarine  rocks,  to  such  a degree  that  little 
effort  was  made  to  trace  out  rock  units.  An  involved  nomenclature 
problem  developed,  because  the  base  of  the  Catskill  became  etpiated  with 
the  marine-nonmarine  boundary  despite  the  continued  use  of  the  lith- 
ologically defined  Catskill  member  names  of  White  (1881). 
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Willard  (1936b)  and  Willard  and  otheis  (1939)  also  used  the  litho- 
stratigraphic  units  in  a biostratigraphic  framework  in  an  attempt  to  map 
White’s  Catskill  members  (with  some  modifications)  on  a 15-minute  scale 
over  much  of  northeastern  Pennsylvania  (maps  on  file,  Pennsylvania 
Geological  Survey).  Willard’s  member  boundaries  bear  little  relationship 
to  lithologically  and  topographically  expressed  rock  units  in  the  region. 
Willard’s  Catskill  members  were  not  based  on  criteria  now  used  in 
defining  a member  or  formation  (American  Commission  on  Stratigraphic 
Nomenclature,  1970)  and  could  not  be  successfully  applied  in  the  present 
mapping  program  because:  (1)  his  members  encompassed  widely  different 
rock  sequences  which  can  be  readily  separated  in  measured  sections, 
traced  on  aerial  photographs,  and  mapped;  (2)  areally,  his  Catskill- 
Chemung  boundary  crossed  mappable  rock  units;  (3)  his  members  at  the 
Lehigh  River,  which  retained  some  of  the  names  originally  used  by 
White,  were  not  the  same  units  to  which  White  (1882)  originally  applied 
these  names  at  the  Lehigh  River. 

Klemic  and  others  (1963)  partially  resolved  the  problem  of  Catskill 
nomenclature  in  the  northern  half  of  the  Lehighton  15-minute  quad- 
rangle by  the  introduction  of  two  locally  named,  lithologically  defined 
members— the  Walcksville  and  Beaverdam  Run  Members.  They  con- 
sidered the  Walcksville  Member,  the  first  red  beds  above  the  Trimmers 
Rock  Formation,  to  be  the  basal  unit  of  the  Catskill  Formation.  White 
(1882)  had  called  these  red  beds  the  Montrose  Member  along  the  Lehigh 
River.  Willard  (1957)  did  not  include  them  in  the  Catskill  Formation 
because  the  overlying  member  (Beaverdam  Run  of  Klemic  and  others, 
1963;  Delaware  River  Flags  of  White,  1882)  contained  crinoid  columnals 
and  other  evidence  of  marine  conditions.  Willard  (1957)  placed  the 
Catskill  boundary  above  the  marine  rocks  called  Beaverdam  Run  by 
Klemic  and  others  (1963). 

In  addition  to  naming  the  Walcksville  and  Beaverdam  Run  Members, 
Klemic  and  others  (1963)  retained  the  use  of  the  three  members 
(Damascus,  Honesdale,  and  Cherry  Ridge)  used  by  Willard  and  others 
(1939)  and  Willard  (1957)  at  the  Lehigh  River  section.  They  did  not 
correlate  these  units  to  the  type  locations  of  White  (1881),  a necessary 
operation  in  view  of  the  absence  of  previous  mapping  by  White  (1882) 
or  by  Willard  and  others  (1939)  from  the  type  locations  to  the  Lehigh 
River. 

Glaeser  (in  Frakes  and  others,  1963)  placed  the  Catskill  boundary  at 
the  same  horizon  as  did  Willard  (1957)  and  was  not  cognizant  of  the  two 
underlying  Catskill  members,  the  Beaverdam  Run  and  Walcksville,  of 
Klemic  and  others  (1963).  Glaeser  (1963)  subdivided  what  he,  at  that 
time,  considered  to  be  the  Catskill  Formation  into  a number  of  inform- 
ally defined  members  (“A”  through  “O”),  based  on  lithologic  criteria. 
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Several  of  these  infornial  members  have  since  been  combined  into  formal 
members  (Figure  96),  and  the  base  of  the  Catskill  has  been  altered  to 
include  rocks  that  were  previously  considered  by  Glaeser  (196,S)  to  be  the 
upper  part  of  the  Trimmers  Rock  Formation. 

Solution  to  the  Nomenclature  Problem  of  the  Catskill  Formation 

Mapping  by  the  authors  in  the  Lehighton  and  Palmerton  (piadrangles 
was  preceded  by  an  examination  of  the  original  type  Catskill  member 
locations  of  White  (1881)  to  determine  whether  White’s  lithostratigraphic 
framework  was  valid.  Because  White  (1882)  first  applied  member  names 
to  the  section  at  the  Lehigh  River,  these  names  had  precedence.  The 
precedence  seemed  appropriate  when  the  writer  (Glaeser),  in  examining 
the  remeasured  Upper  Devonian  section  at  the  Lehigh  River  (Glaeser, 
1963;  Frakes  and  others,  1963),  obser\'ed  that  lithologically  distinctive 
parts  of  the  nearly  8,000  foot  section  matched  White's  subdivisions  of 
the  same  section  very  closely.  Direct  comparison  of  the  remeasured  section 
with  White’s  was  made  possible  by  recognizing  that  part  of  the  rocks 
which  Glaeser  (1963)  had  included  in  the  Trimmers  Rock  Formation 
were  more  allied  to  the  overlying  Catskill  rocks  than  to  the  underlying 
lithologies  of  the  Trimmers  Rock.  Not  only  were  the  rocks  assigned  to 
the  Beaverdam  Run  and  Walcksville  (Klemic  and  others,  1963)  logically 
a part  of  the  Catskill,  but  a sandstone  unit,  nearly  200  feet  thick,  be- 
neath the  lowest  red  units  of  the  Walcksville  contained  lithologies  and 
primary  sedimentary  structures  common  to  Catskill  and  not  Trimmers 
Rock  lithologies.  Joseph  F.  Wietrzychowski,  a co-worker  at  the  Pennsyl- 
vania Geological  Survey  in  the  mapping  program  (1963-64),  first  recog- 
nized this  sandstone  as  a mappable  unit  separating  the  gray  siltstones  of 
the  Trimmers  Rock  Formation  from  the  lowest  red-bed  member  of  the 
Catskill  Formation,  the  Walcksville  Member. 

Having  compared  White’s  (1882)  unit  descriptions  of  the  Lehigh  River 
section  with  Glaeser’s  (1963)  description,  and  having  adjusted  the  base 
of  the  Catskill  to  include  the  200-foot  sandstone  unit  previously  assigned 
to  the  Trimmers  Rock  Formation,  an  attempt  was  made  to  compare 
White’s  unit  delineations  at  the  Lehigh  River  section  with  the  units  at 
his  type  locations  in  Susquehanna  and  Wayne  Counties.  Neither  White 
nor  later  workers  had  mapped  the  units  from  the  type  localities  to  the 
Lehigh  River  outcrops. 

In  order  to  determine  whether  a correlation  could  be  made  between 
the  members  at  White’s  (1881)  type  locations  and  his  members  at  the 
Lehigh  River,  all  outcrops  around  the  type  locations  were  remeasured 
and  described  in  detail.  Appendix  1 contains  these  measured  sections 
and  a summary  description  of  the  sections.  The  remeasured  tyjre  sections 
were  then  compared  to  determine  whether  they  contained  readily  dis- 
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criminal)le  rock  units  whicli  could  be  identified  beyond  the  areas  of 
their  original  definition.  In  addition,  the  physical  properties  of  the  rocks 
at  each  type  location  were  compared  to  the  physical  properties  of  the 
rocks  of  White's  (1882)  subdivisions  at  the  Lehigh  River. 

Study  of  all  accessible  outcrops  at  each  of  White’s  (1881)  type  locations 
(Appendix  1)  led  to  the  following  conclusions; 

1.  The  type  locations  occur  at  widely  separated  sites  on  both  flanks 
of  the  Lackawanna  syncline  (Figure  174  in  Appendix  1)  with  no  con- 
tinuous exposures  or  topographic  expression  of  units  between  any  two 
type  localities;  thus  structural  and  stratigraphic  continuity  among  White's 
(1881)  type  sections  could  not  Ire  established. 

2.  Lithologic  comparison  among  the  type  sections  indicates  that  White 
(1881)  did  not  establish  a simple  rock-stratigraphic  secjuence.  The  simi- 
larities in  lithologies  and  primary  sedimentary  structures  in  rocks  at 
Montrose,  New  Milford,  and  Mount  Pleasant,  and  in  rocks  at  Honesdale, 
Cherry  Ridge,  and  Elk  Mountain  (Figure  175,  Appendix  1)  preclude 
mapping  these  type  members  as  separate  rock  units  even  within  the 
cotmties  in  which  they  were  defined.  White  (1881,  p.  40  and  1882,  p.  97) 
assumed  that,  in  moving  geographically  from  his  lowest  type  location 
(Starrucca)  to  his  uppermost  type  location  (Mount  Pleasant),  the  pro- 
jection of  dips  and  increasing  elevations  resulted  in  an  ascending  strati- 
graphic succession. 

3.  Comparison  of  lithologies  and  primary  structures  observed  at  each 
type  section  with  lithologies  and  primary  structures  at  the  Lehigh  River 
section  indicates  that,  because  of  similarities  among  White’s  type  mem- 
bers, all  of  them  can  be  related  to  one  limited  portion  of  the  Catskill 
section  at  the  Lehigh  River.  In  addition,  three  lithologically  distinctive 
units  mapped  in  this  study— the  Beaverdam  Run,  Clark’s  Ferry,  and 
Duncannon  Members— have  no  lithologic  counterparts  at  any  of  White’s 
(1881)  type  locations. 

4.  Despite  the  fact  that  White  (1882)  applied  names  to  presently 
recognized  rock  units  in  the  Lehigh  River  section,  the  derivation  of  these 
names  from  type  locations  whose  rock  units,  taken  together,  do  not 
constitute  a recognizable  stratigraphic  succession  precludes  their  use  in 
the  present  study. 

Ihe  accessibility,  completeness,  and  vertical  stratigraphic  continuity 
of  the  Catskill  Formation  at  the  Lehigh  River  section  warrants  its  con- 
tinuation as  the  Catskill  reference  section  for  northeastern  Pennsylvania 
(Glaeser,  1963)  and  justifies  the  designation  of  type  member  names  there. 
1 he  formation  is  divided  into  nine  members,  of  which  four  have  already 
been  named.  Figure  96  lists  the  formal  subdivisions  of  the  Catskill  Forma- 
tion at  the  Lehigh  River  reference  section  and  gives  a summary  of  salient 
characteristics  of  each  member. 
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POCONO 

DRMATION 


I LEHIGH  RIVER  ' 
I SECTION  I 


FORMATION 
OR  MEMBER 


THICK*! 

NESS 


DESCRIPTION 


ORIGIN 


DUN- 

CANNON 

MEMBER 


968' 


Red  conglomerates,  sandstones  and  siltstones  arranged  in  fining-upward  cycles. 
Crossbeds  common.  Siltstones  ancl  shales,  often  rippled  and  mud-cracked,  are 
fissile.  Scour  and  intertongued  beds  common  in  lower,  third;  above,  fining-upward 
sequences  lack  conglomerates  and  dominance  of  red  color. 


Meander- 
ing rivers 


CI,.A.RK'S 

FERRY 

MEMBER 


Nonred,  medium-  to  coarse-grained  sandstones  and  conglomerates.  Massive,  planar 
904'  I crossbeds.  Bimodal-bipolar  vectors.  Bed  tops  often  strewn  with  fine-grained  rock 
fragments.  Giant  ripples  and  parting  lineations  common. 


Braided 

rivers 


Z 

< 


BERRY 

REN 

MEMBER 


985' 


Nonred,  medium-  to  fine-grained  sandstones  dominate.  Few  red  siltstones  up  to  40 
feet  thick  in  upper  part.  Minor  conglomerates.  Crossbeds  common.  Leached 
limonite-rich  zones  with  shale  and  round  carbonate  fragments. 


Braided 

rivers 


o”-;- 

h**h; 

<,**G 


.SAWMILL 

RUN 

MEMBER 


424' 


Nonred,  dominantly  fine-  and  very  fine  grained  sandstones,  commonly  cross- 
bedded.  Some  sandstones  calcareous.  Basal,  middle  and  upper  red  siltstones. Minor 
shale.  Leached  limonite-rich  zones  with  shale  and  round  carbonate  fragments. 


Braided 

rivers 


O 2^ 

Q: 

> O* 


PACKER- 

TO.N 

MEMBER 


416' 


Dominantly  medium-  to  fine-grained,  well-sorted  sandstones:  commonly  cross- 
bedded,  Minor  fine  conglomerates,  siltstones  and  shales.  Some  calcareous  sand- 
stones. Leached  limonite-rich  zones  with  shale  and  round  carbonate  fragments. 


*D  |; 


I 


LONG 

RUN 

MEMBER 


2363' 


Predominantly  red.  parallel-sided  beds  of  massive,  fine-  to  very  fine  grained  sand- 
stones and  red  siltstones  and  fissile  shales.  Sandstones  more  prominent  upward. 
Several  upward-fining  successions  in  upper  part. 


Braided 

rivers 


Delta 

plain 


BEAVER. 

DAM 

RUN 

MEMBER 


963' 


Nonred.  Principally  siltstone  with  some  very  fine  grained  sandstones.  Parallel- 
sided, massive  and  fissile  beds  alternate.  Ball-and-pillow  structures  prominent: 
some  slumped.  Tentaculites  and  crinoid  columnals  at  bases  of  many  massive  beds. 


L 


WALCKS- 

VILLE 

MEMBER 


645 


First  red-bed  sequence  above  Catskill  base.  Parallel-sided,  massive  arvd  fissile,  non- 
red and  red  siltstones  and  sandstones.  .Abrupt  lateral  color  and  grain-size  changes 
common.  Some  upward-fining  successions. 


Delta 

plain 


TOWAMEN- 
V SING 

\member 


190' 


Gray,  fine-  to  very  fine  grained  sandstones  and  coarse  siltstones.  Many  undulatory 
and  scoureil  surfaces.  Shale-clast  conglomerates.  Poorly  sorted  sandstones  contain 
carbonaceous  debris.  Churned  and  burrow-mottled  siltstones.  Some  burrowed 
zones  graded,  shale-capped,  and  rippled  t*r  mud-cracked  with  infilling  of  overlying 
sediment.  Near  middle,  some  graded  beds. 


TRIM- 

MERS 

ROCK 

FORMwA- 

TION 


1056 


Delta 

front 


Gray  siltstones.  .Alternating  massive  graded  (coarse-  to  fine-grained  silLstone'  and 
parallel-laminated  beds.  Cross-laminations  minor.  Fine  siltstones  at  tops  of  graded 
beds  commonly  burrow  mottled.  Upward  bed  thickness  increases  arui  ball-and- 
pillow  structures  (2'  x 8')  occurr  Brachiopods  associated  with  shale  chips  at  base 
of  some  graded  beds  and  in  lenticular  zones  “scouring”  underlying  bed.  Carbona- 
ceous material  often  in  fine  siltstone  at  top  of  graded  beds. 


MAHANTANGO  FM 


Figure  96.  Formal  subdivisions  of  the  Catskill  Formation  at  the  Lehigh  River  section 
with  summary  of  salient  characteristics  of  each  member.  Black  bars  to 
left  of  patterns  denote  red  beds.  Asterisks  indicate  informal  members 
of  Glaeser  (1963) . 
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Towaniensing  Member 

I'he  rowamensing  Member  is  the  basal  member  of  the  Catskill  j 
Formation  and  consists  jtredominantly  of  sandstones,  d'he  Towamensing  j 
is  the  first  sandstone  secjnence  above  the  Middle  Devonian  Palmerton 
Formation  (Plate  3).  I’he  member  is  mappable  throughout  the  Lehighton 
tjnatlrangle,  but  it  has  not  heretofore  been  treated  as  a separate,  map- 
pable entity. 

I he  name  Fowamensing  (pronounced  Ta-men'sing)  is  derived  from 
'Fowamensing  and  Lower  Towamensing  Townships  in  Carbon  County 
east  of  the  Lehigh  River.  The  section  occurs  in  the  steep  south  limb  of 
the  Weir  Mountain  syncline.  Fhe  basal  unit  is  a 4-foot-thick,  very  fine 
grained,  massive,  medinm-dark-gray  (N4)  sandstone  (measured  section  9). 
Fhe  basal  contact  with  the  underlying  carbonaceous,  fissile,  fine  siltstone 
of  the  Frimmers  Rock  Formation  is  sharp,  and  load  casts  of  sandstone 
extend  into  the  upper  surlace  of  the  siltstone.  There  is  six  inches  of  j 
relief  on  this  surface.  Fhe  topmost  unit  of  the  I’owamensing  Member  is  I 
seven  feet  thick  and  has  fine-  to  meditim-grained  sandstone  in  its  lower 
four  feet,  grading  upward  into  fine-grained  sandstone.  The  color  of  this 
uppermost  unit  ranges  between  medium-bluish  gray  (5B5/1)  and  medium- 
greenish  gray  (5G5/1).  T he  top  16  inches  is  transitional  into  the  over- 
lying  Walcksville  Member  and  is  marked  by  a color  change  to  red  with  a 
“zebra-striped”  color  lamination  of  red  and  bluish  to  greenish  gray  in 
the  interval  of  change.  This  transition  zone  is  .somewhat  mottled  and 
fresh  stirfaces  are  highlv  light  reflective,  apparently  because  of  silica 
cement. 

Based  on  megascopic  field  description,  the  Towamensing  Member  is 
predominantly  a well-indurated  fine-  to  very  fine  grained  sandstone;  some 
units  are  medium  grained.  Certain  layers,  when  observed  on  a fresh 
stirlace,  are  dotted  with  pinhead-sized  rust-colored  hematite.  The  Towa- 
mensing Member  also  contains  siltstones,  the  bulk  of  which  are  coarse 
grained  and  medium  gray  (N5),  but  some  of  which  are  medium-dark 
gray  (N4)  and  meclitnn  grained.  .Some  of  the  medium-dark -gray  medium- 
grained siltstones  are  micaceous.  The  siltstones  are  frecjtiently  graded, 
and  some  are  interlaminated  or  interbedded  with  sandstones.  Also,  there 
are  minor  amotmts  of  dark-gray  (N3)  to  medium-dark-gray  (N4)  shales. 
Meastircd  section  9 gives  a bed-by-bed  description  of  the  type  section  of 
the  Towamensing  Member. 

Many  sandstone  units  in  the  Towamensing  type  section  contain  abun- 
dant plant  material  or  carbonaceous  debris.  The  carbonaceous  sandstones 
are  matrix  rich  and  poorly  sorted,  commonly  have  erosional  bases,  and 
contain  shale  chips.  I’hin,  discontinuous  coaly  lenses  occur  in  units  79, 
69B,  68-66,  55-53,  52,  49  and  48  (meastired  section  9). 
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Erosional  ancl/or  undulatoiy  suilaces  occm  at  llte  base  ol  many 
Towameusing  sandstone  beds  tshere  tlie  beds  test  upon  siltstone  units.  In 
some  ot  the  more  massi\e  sandstone  beds,  the  tindidatory  Itase  has  np  to 
six  inches  ol  relict  Irecanse  erosion  has  cut  out  parts  ot  tlie  nndctl\ing 
unit.  Occasionally,  shale  clasts  and  pieces  ol  the  underlyitig  bed  occnr 
immediately  above  the  scotired  snriaces.  .\Iicro-sconr-and-fill  structures 
were  obserced  in  units  75  and  55-53,  Ihiit  11,  just  above  the  basal  contact 
of  the  rowamensing  .Member,  is  slumped,  having  large  angidar  discrr- 
dered  blocks  of  sandstone  iti  a mixed  lithologic  assemblage  of  shale, 
siltstone,  and  sandstone  which  lacks  planar  bedding,  kigure  h7  illustrates 
this  zone  of  slumping. 

Burrow-mottled  siltstones  occur  in  units  81,  59,  .38,  and  21  (measured 
section  9)  of  the  I'owamensing  type  section.  .Some  graded  beds  have  also 
been  observed;  fine-grained  sandstone  at  the  base  grades  upward  in  a lew 
inches  to  medium-grained  siltstone  which  is,  in  a few  places,  capped  by  a 
ripple-marked  shale  layer.  Some  of  these  capping  shale  layers  contain 
traces  of  plant  fragments:  others  have  sand-filled  burrows.  Commonly, 
the  graded  units  have  an  undulatory  contact  with  the  underlying  unit. 
Erosion  has  removed  the  uppermost  fine  detritus  from  the  tops  ot  some 
of  the  graded  ittiits. 


Figure  97.  Slumped  and  chaotic  bedding,  Towamensing  Member  of  Catskill  Forma- 
tion, unit  2,  measured  section  9. 
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Other  types  ol  primary  sedimentary  structures,  such  as  ripple  bedding 
or  large-scale  crossbeddiug,  were  not  observed  at  the  type  section,  possibly 
because  the  roadcut  in  which  the  section  occurs  was  recently  excavated 
(1963).  In  other  good  expostires  in  the  Lehighton  and  Palmerton  cjuad- 
rangles,  the  ellects  ot  many  years  oi  weathering  have  accentuated  primary 
sedimentary  structures  not  seen  at  the  type  section.  )ust  west  and  down- 
slope  ot  the  type  section  along  the  railroad  cut  on  the  east  bank  of  the 
Lehigh  River,  the  heckling  is  very  massive,  but  weathering  has  revealed 
traces  ol  parallel  laminations  within  the  thick  beds. 

North  of  the  type  section  at  Harrity  (Plate  1),  just  east  of  the  Penn- 
sylvania Lurnpike  exit  at  LI..S.  Route  209,  expostires  in  the  north  side  of 
the  first  sharp  bend  in  the  road  show  massive,  parallel-laminated  sand- 
stones of  the  1 owamensing  Member.  The  lower  portion  of  the  section 
consists  of  several  feet  of  interbeddcd  sandstone  ty|)ical  of  the  Towa- 
niensing  and  gray  siltstone  of  the  upjier  part  of  the  Trimmers  Rock 
Formation.  Within  this  /one  of  interbedding,  one  siltstone  unit  is 
maroon.  Above,  in  the  main  portion  of  the  Towamensing  exposed  at  this 
outcrop,  bedding  is  flaggy  (1-3  inches  thick)  and  parallel  laminated.  Near 
the  uppermost  units  at  the  bend,  steep  planar  foreset  sandstone  beds 
dipping  southeastward  are  the  only  crossbeds  observed  in  the  Towamen- 
sing. d'his  /one  of  crossbedding  overlies  a thick,  planar  sandstone  bed, 
the  surface  of  which  has  well-jneserved  pelecypod  molds  (Figure  98). 
Expostire  of  this  unit  along  joint  planes  reveals  that  these  “clams”  bur- 
rowed 6 to  12  inches  vertically  downward  into  the  sandstone  bed 
(Figure  99).  Berg  (1973)  has  given  a summary  of  the  important  features 
and  paleontologic  significance  of  these  burrows.  y\bove  this  burrowed 
bed  are  cuspate-lorm  beds  strewn  with  cpiart/  pebbles.  These  cuspate  beds 
spread  outward  toward  the  northwest  and  the  abrupt  ridge  between 
them  becomes  less  pronounced  in  that  direction. 

Scditncntologic  Origin  of  the  Towamensing  Member 

The  dominance  of  sandstone,  the  shallow-water  character  of  tfie  pri- 
mary sedimentary  structures,  and  the  presence  of  plant  fossils  suggest 
that  the  Towamensing  formed  in  the  distributary-mouth  /one,  and  was, 
therefore,  tleposited  in  an  area  that  was  nearer  to  the  shore  than  the  area 
of  deposition  of  the  underlying  Frimmers  Rock  Formation.  The  Towa- 
mensing Member  thus  represents  the  onset  ot  deposition  of  delta-front 
sandstones  after  cessation  in  the  development  of  an  offshore  delta  plat- 
form (the  Trimmers  Rock  prodelta  deposits).  The  deposition  of  the 
Towamensing  Member  in  a nearshore  area  is  also  suggested  by  the 
pre.sence  of  interbedded  siltstones,  some  of  which  are  graded  and  indis- 
tinguishable from  beds  in  the  Frimmers  Rock  Formation.  Erosional  and 
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Figure  98.  External  molds  of  pelecypod  shells  along  bedding  plane,  Towamensing 
Member  of  Catskill  Formation  at  Harrity,  U.S.  Route  209,  just  east  of 
Turnpike  exit. 


Figure  99.  Columnar  burrows  in  Towamensing  Member  of  Catskill  Formation  at 
Harrity,  U.S.  Route  209,  just  east  of  Turnpike  exit. 
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unclulatory  contacts  between  l>etls  and  scotir-and-fill  strnctnres  indicate 
deposition,  at  least  at  times,  above  the  depth  of  wave  base. 

Allen  (1965c)  described  features  similar  to  those  observed  in  the 
I'owamensing  Member  in  delta-front  deposits  of  the  Niger  delta.  Delta- 
front  deposits  of  the  Mississijrpi  River  delta  have  been  described  by  Fisk 
(1961)  and  by  Coleman  and  Gagliano  (1965). 

Delta-front  deposits  are  aprons  of  river-transported  elastics  which 
develop  as  distributary-mouth  bars  and  often  are  redistributed  by  long- 
shore currents  along  the  coastline.  Otfshore  and  stratigraphically  down- 
ward, delta-front  sandstones  pass  directlv  into  siltstones  and  shales  of  the 
prodelta  deposits  (Trimmers  Rock).  The  rather  striking  uniformity  in 
thickness,  texture,  and  grain  si/e  of  the  Towamensing  within  the  Lehigh- 
ton  quadrangle  implies  that  this  region  at  the  time  of  acctimulation  was 
peripheral  to,  rather  than  at  the  immediate  site  of,  active  btiilding  of 
river-motith  bars.  More  lenticularity  in  the  tmit  and  variable  textures 
might  be  expected  within  the  immediate  area  of  active  bar  development. 
Probably  the  Towamensing  in  the  Lehighton  quadrangle  area  is  largely 
a product  of  lateral  shifting  of  river-mouth  detritus  by  longshore  cur- 
rents. The  pelecypod  btirrows,  southeastward-dipping  crossbeds,  and 
cuspate-bedding  structures  at  the  Harrity  section  suggest  that  a beach 
or  an  emergent  offshore  bar  developed  and  is  preserved  at  that  locality. 

Walcksville  Member 

I'he  Walcksville  Member  of  the  Catskill  Formation  was  defined  by 
Klemic  and  others  (196,S,  p.  26).  I’he  type  section  was  measured  and 
described  by  them  (p.  24-25)  at  a nearly  complete  exposure  along  the  east 
side  of  tlie  Northeast  Extension  of  the  Pennsylvania  Turnpike  (Figure 
100)  where  the  Turnpike  cuts  through  the  Indian  Hills  near  Walcksville 
(Plate  1).  The  type  section  is  710  feet  thick.  The  Walcksville  Member  is 
mappable  because  about  half  of  its  tmits,  especially  the  siltstones,  are  red 
and  thus  contrast  both  in  float  and  outcrop  with  the  underlying  Towa- 
mensing Member  and  the  overlying  Beaverdam  Rtm  Member,  both  of 
which  are  nonred.  Klemic  and  others  (1963)  called  the  Walcksville  the 
first  nonmarine  member  of  the  Catskill  Formation  because  of  the  absence 
of  marine  fossils  at  the  type  section.  The  lowest  unit  in  the  type  section 
of  Klemic  and  others  is  indtided  in  the  underlying  Towamensing  Mem- 
ber in  the  present  study. 

I’he  red  color  in  the  Walcksville  at  its  type  section  is  confined  almost 
entirely  to  siltstone  and  shale  intervals.  Sandstones  are  most  commonly 
gray  and  gray  green  and  are  all  fine  and  very  fine  grained.  They  are 
generally  massive  with  parallel  laminations;  none  are  crossbedded.  Some 
of  the  sandstones  are  “dirty,”  and  weather  more  readily  than  the  other 
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Figure  100.  Location  map  of  Waicksville  type  section 
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sandstones  in  the  type  section;  these  sandstones  are  highly  micaceous  and 
typically  gray.  Plant  fragments  or  impressions  are  rarely  preserved  in 
these  sandstones. 

In  several  units  of  the  type  section,  grain  size  fines  upward.  Absence  of 
crossbeds  and  a distinctive  scoured  basal  contact  suggests  these  fining- 
upw'ard  units  are  not  the  same  as  the  Iluvial  cyclothems  of  Allen  (1964). 

Several  color  gradations  occur,  usually  from  red  upward  into  gray  or 
gray  green.  At  the  zone  of  color  change  there  are  concentrations  of 
nodides,  commonly  calcareous,  which  have  weathered  rusty  orange. 
There  are  six  occurrences  of  these  nodules  in  the  Walcksville  type  sec- 
tion, and  in  every  case  they  are  in  siltstone.  None  is  associated  with 
upward  fining  of  grain  size  and  none  occurs  in  sandstone.  Because  these 
calcareous  nodules  are  consistently  found  in  the  zone  between  red  silt- 
stones  (below)  and  green  siltstones  (above),  they  apparently  are  a primary 
feature  of  the  sediment  and  probably  represent,  as  does  the  sediment 
color,  the  boundary  between  oxidation  (below)  and  reduction  (above)  of 
the  iron  oxides  in  the  deposit.  Such  change  in  oxidation  potential  affects 
both  iron  and  carbonate  and  apparently  is  the  controlling  factor  in 
carbonate  precipitation. 

No  complete  exposure  of  the  Walcksville  occurs  in  the  Lehighton 
cjuadrangle.  A reference  section  was  measured  for  the  present  report 
along  the  road  north  of  Weissport  east  of  the  Lehigh  River  in  exposures 
cut  through  the  Indian  Hills  just  south  of  Long  Run  (Figure  100).  Meas- 
ured section  10  contains  the  detailed  description  of  this  section  and  the 
section  is  generally  described  below.  Other  good  exposures  of  the  Walcks- 
ville occur  in  the  cuts  along  Pa.  Route  248  between  Panyville  and 
Bowmanstown  in  the  Weir  Mountain  syncline,  where  the  contact  with 
the  underlying  Towamensing  Member  is  exposed.  However,  the  middle 
parts  of  the  Walcksville  are  complexly  involved  in  tight  folding  and 
bedding-plane  thrusting  in  the  trough  and  flanks  of  the  Weir  Mountain 
syncline  (Glaeser,  1967).  The  u]jpermost  beds  of  the  Walcksville  Member 
do  not  occur  in  this  portion  of  the  syncline,  although  eastward,  up  the 
plunge  of  this  fold,  the  youngest  Walcksville  rocks  are  preserved  beneath 
the  overlying  Beaverdam  Run  and  Long  Run  Members  (Plate  1).  An- 
other less  complete  exposure  of  the  Walcksville  occurs  along  the  rail- 
road just  north  of  Jamestown,  along  the  w’est  bank  of  the  Lehigh  River, 
rite  uppermost  beds  of  the  Walcksville  are  exposed  along  U.S.  Route 
209  just  .south  of  the  reference  section  of  the  Beaverdam  Run  Member; 
the  contact  with  the  overlying  Beaverdam  Run  Member  is  visible  at  this 
exposure.  'Lhere  is  also  a partial  exposure  of  the  Walcksville  on  the 
Pennsylvania  Turnpike  where  it  cuts  through  the  south  limb  and  trough 
of  the  Weir  Afountain  syncline  just  .south  of  the  Turnpike  bridge  over 
the  Lehigh  River  (Plate  1). 

The  reference  section  of  the  Whilcksville  Member  (measured  section 
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10)  is  presented  here  to  augment  the  type  section  (Kleinic  and  others, 
1963.  p.  2-1-25),  because  the  contact  oi  tlie  Walcksville  cvitli  the  overlying 
Beaverdam  Rtin  Member  is  exposed  at  the  reference  section.  I he  basal 
beds  (measured  section  10,  units  1 through  7)  are  deeply  weathered; 
the  basal  contact  is  not  exposed,  d he  tipper  and  lower  limits  ol  the  reter- 
ence  section  are  defined  by  the  limits  ol  red  color.  1 here  is  not  sufficient 
information  to  determine  whether  the  red  coloration  is  associated  with 
a lithologic  change  such  as  the  change  between  the  I owamensing  and 
^Valcksville  Members  at  the  I'owaniensing  tyjie  section. 

The  reference  section  of  the  Wkdcksville  Member  is  (>45  feet  thick: 
28  percent  is  covered.  Red  color  predominates  in  about  three  iotirths 
of  the  exposed  section.  The  member  is  mainly  composed  of  siltstone 
(56  percent  of  exposure).  Forty  percent  of  the  reference  section  is  sand- 
stone, nearly  all  of  which  is  very  fine  grained.  Shale  is  a minor  constituent 
(4  percent).  Ripple  marks  (tniit  66)  and  mtid  cracks  (tinit  22)  were 
observed  at  the  reference  section,  and  color  mottling  occtirs  in  several 
units  (tniits  62,  60,  38,  27,  and  6).  Upward  fining  of  grain  si/e  in  beds 
(units  69,  65,  54,  50,  and  47)  was  observed  in  the  upper  half  of  the 
reference  section,  where  sandstone  is  a more  common  lithology  than  in 
the  lower  half. 

Abrupt  lateral  changes  in  color  have  been  observed  in  individtial  beds 
of  the  Wdilcksville.  The  most  apparent  color  changes  occur  in  the  long 
exposures  in  the  \Veir  Motnitain  syncline  (Glaeser,  1967). 

1 he  thickness  of  the  Walcksville  increases  considerably  between  the 
north  and  south  side  of  the  Lehighton  anticline  and  across  the  4Veir 
Mountain  syncline.  Cross  section  Ci-G'  (Plate  1)  indicates  that  the  member 
is  abotit  1400  feet  thick  on  the  north  side  of  the  syncline  and  thickens  to 
over  2100  feet  within  two  miles  on  the  south  side  of  the  syncline.  This 
rapitl  thickening  is  due  to  intertonguing  with  the  overlying  Beaverdam 
Run  Member. 

Idle  sedimcntologic  origin  of  the  Walcksville  will  be  disctissed  later 
after  disctission  of  the  two  overlying  members,  the  Beaverdam  Run  and 
the  Fong  Rtm.  The  interpretation  of  the  origin  of  the  Walcksville  is 
intimately  linked  with  that  of  the  Fong  Run  and  both  the  Walcksville 
and  Fong  Run  Members  can  best  be  tmderstood  in  terms  of  their  rela- 
tionship to  the  Beaverdam  Run  Member  which  separates  them  in  the 
Fehighton  tpiadrangle. 

Heaverdani  Run  Member 

Klemic  and  others  (1963,  p.  27-28)  first  defined  the  Beaverdam  Run 
Member  of  the  Catskill  Formation. ^ The  Beaverdam  Run  is  a nonred 

1 Tlie  Beaverdam  Run  Member  is  not  tlie  same  as  tlie  Beaverdam  Memlter  (Middle 
Devonian)  detmed  lr\  Willard  and  others  (Ib.SO). 
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unit  about  600  icct  thick,  situateil  Ijetween  the  reel  heels  ot  the  unelerly- 
iug  Whilcksville  Meniher  anel  the  reel  heels  oi  the  overlying  Long  Run 
Meinher  (calleel  Damascus  Mcmher  hy  Klemic  and  others,  1963).  The 
type  section  was  descriheel  in  cuts  along  the  Pennsylvania  Turnpike  at 
\Valcksville  anel  was  nameel  ior  a creek,  Beaverelam  Run,  which  flows 
from  the  west  into  the  Lehigh  River  near  U.S.  Route  209  between 
Lehighton  anel  }im  Thorpe  (Plate  1).  At  the  type  section,  Klemic  anel 
others  (1963)  ohserveel  crinoiel-stem  molds,  occasional  hrachiopods,  anel 
hall-anel-pillow  structures  (relerreel  to  as  “spheroielal  masses  or  storm 
rollers”  hy  Klemic  anel  others).  I'hese  features,  in  aeldition  to  the  nonreel 
color  of  the  Beaverelam  Run  Member,  elistinguish  this  member  from 
aeljacent  Catskill  members.  Moreover,  the  rocks  of  the  Beaverelam  Run 
are  topographically  higher  than  the  adjacent  reel-bed  members,  the 
Walcksville  and  Long  Run. 

|ust  south  of  Beaverelam  Run,  on  the  west  side  of  U.S.  Route  209,  is 
a good  exposure  of  the  lower  pan  of  the  Beaverelam  Run  Member;  the 
upper  lf)4  feet  of  the  section  is  coveretl.  Here,  the  Beaverelam  Run  is  963 
feet  thick  anel  forms  the  reference  section  used  in  this  report  (measured 
section  11;  Figure  101).  The  upper  ])ortion  of  the  Beaverelam  Run 
section  and  the  contact  with  the  overlying  member  are  fully  exposed, 
although  not  reaelily  accessible,  along  the  Lehigh  canal  on  the  east  bank 
of  the  Lehigh  River,  on  strike  w'ith  the  reference  section  (Plate  1).  The 
base  of  the  Beaverelam  Run  Member  at  the  relerence  section  is  litholog- 
ically transitional  with  the  top  of  the  Walcksville  Member,  and  the  upper- 
most red  bed  in  the  Walcksville  marks  the  boundary  (measured  section 
1 1).  Units  1-17  in  measured  section  1 1 are  the  top  feet  of  the  W^alcksville 
Member.  'Lite  reference  section  is  predominantly  siltstone  (58  percent  of 
the  exposed  rock),  with  29  percent  sandstone  and  13  percent  shale.  All 
of  the  sandstones  are  very  fine  grained,  except  five  percent  which  are 
fine  grained,  d'he  rock  units  in  the  reference  section  are  various  hues  of 
olive  (5Y,  lOY);  some  are  shades  of  green  (5GY)  and  gray  (N4  to  N6). 

Sandstone  is  confined  to  approximately  the  low'er  200  feet  of  the 
reference  section.  Unit  52  (measured  section  11)  is  the  highest  unit  of 
sandstone  without  siltstone  admixtures,  except  for  rare  beds  (units  85, 
1 18,  and  168).  Above  unit  52,  the  predominant  lithology  is  siltstone,  some 
of  which  is  classified  as  coarse  siltstone-very  fine  sandstone. 

Quart/  pebbles  (>  4 mm)  and  granules  (2-4  mm)  occur  in  three  units  of 
the  Beaverelam  Run  reference  section  (measured  section  11,  units  30,  176, 
and  180).  Idiese  Iragments  are  dispersed  in  coarse  siltstone  (unit  180) 
and  coarse  siltstone-very  fine  grained  sandstone.  In  unit  30,  the  quartz 
fragments  are  angular.  In  units  30  and  176,  the  cpiartz  conglomerate 
occurs  a few  inches  above  the  base  of  the  units;  in  unit  180,  the  con- 
glomerate forms  the  basal  4 inches  ot  a 2-foot  bed. 
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CONTOUR  INTERVAL  20  FEET 
DATUM  IS  MEAN  SEA  LEVEL 


Figure  101.  Location  map  of  type  or  reference  sections  of  Catskill  members. 
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Figure  102.  Segmented  discs  from  crinoid  columnals  concentrated  at  base  of  massive 
bed  of  fine-  to  medium-grained  siltstone.  Unit  64,  measured  section  11, 
Beaverdam  Run  Member  of  Catskill  Formation. 


Between  300  and  600  feet  above  the  base  of  the  reference  section, 
many  units  contain  crinoid  columnal  plates.  Single  plates  viewed  in  cross 
section  exhibit  a star-shaped  lumen.  Units  52  and  88  (measured  section 
11)  are  the  lower  and  upper  units  in  which  crinoid  remnants  were  seen.  i 
] here  is  apparently  no  association  of  crinoid  material  with  a specific 
lithology;  plates  occur  in  all  lithologies  of  the  Beaverdam  Run  except 
shale.  Crinoidal  material  does,  however,  occur  in  layers  or  beds  and  is  not 
scattered  throughout  a unit  (Figure  102).  Many  crinoidal  horizons  are 
thin  porous  zones  which,  on  close  obseiwation,  reveal  external  molds  of 
columnal  plates.  There  is  a wider  range  in  occurrence  of  crinoid-stem 
plates  in  the  type  section  reported  by  Klemic  and  others  (1963)  than  in 
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the  rcierence  section.  Molds  ol  ci  inoicl-stein  plates  are  coninion  in  lloat 
anti  in  small  outcrops  ot  the  Bcavertlam  Rim  in  the  Lehighton  tpiatl- 
rangle,  aiul  are  one  criterion  that  may  be  nsetl  to  tlistingnish  the  Beaver- 
dam  Run  Member  bom  the  rrimmers  Rock  Formation  which  has  a 
similar  lithology.^  In  some  lloat  fragments,  Tentaculites  is  as,sociated 
with  the  crinoitl-stem  molds,  although  the  former  was  not  observed  in 
either  the  type  or  reference  section. 

Ball-and-pillow  structures  occur  in  several  units  of  the  Beaverdam  Run 
(measured  section  11,  units  26,  2H,  141,  162-16.6).  The  dimensions  of  these 
ball-and-pillow  structures  (range  2-4  feet)  are  not  as  great  as  those  in  the 
Trimmers  Rock  Formation.  Evidence  of  rotation,  apparently  due  to 
slumping,  was  seen  in  unit  69.  Figure  103  shows  a thin  crinoid  zone  in 
unit  69  which  has  been  rotated  90°  to  the  principal  dip  of  bedding:  this 
is  a ball-and-pillow  structure,  composed  of  coarse  siltstone  entirely  en- 
closed by  finer  siltstone.  Ball-and-]>illow  structures  are  load-cast  phe- 
nomena and  are,  in  general,  composed  of  the  coarser  grain  sizes  (coarse 
siltstone  and  very  fine  grained  sandstone)  tleveloped  on  layers  of  siltstone 
and  shale  which  surround  the  balls  at  least  in  part. 

4 he  thickness  of  the  Beaverdam  Run  decreases  dramatically  between 
the  north  and  south  side  of  the  Lehighton  anticline  and  across  the  Weir 
Mountain  syncline.  Cross  section  G-G'  (Plate  1)  indicates  that  the  member 
is  only  700  feet  thick  on  the  north  side  of  the  syncline  and  thins  within 
about  two  miles  to  about  200  feet  thick  on  the  south  side  of  the  syndine. 
This  rapid  thinning  is  due  to  intertonguing  with  both  the  underlying 
and  overlying  units. 

Sedi/nentologic  Origin  of  the  Beaverdam  Run  Member 

4 he  massive  and  fissile  siltstones  of  the  Beaverdam  Run  Member, 
which  include  layers  of  crinoid  columnals  and  loatl  casts,  are  appaiently 
similar  in  origin  to  the  siltstones  of  the  Frimmers  Rock  Formation. 
Imbrie  (1964,  p.  421)  showetl  that  crinoids  are  typically  formed  in  shallow 
prodelta  deposits.  Although  tlie  crinoid  fragments  in  the  Beaverdam  Run 
are  in  layers  and  are,  in  jrart,  disarticulated,  there  is  no  evidence  ol 
abrasive  activity  tluring  transport.  Fhese  crinoids  may  have  lived  very 
near  the  site  of  deposition,  accumulating  in  layers  in  response  to  current 
winnowing.  4 he  sedimentary  structures  in  the  Beaverdam  Run  are  also 
analogous  to  those  of  prodelta  deposits.  Flowever,  the  layering  of  crinoid 
plates,  absence  of  gratled  beds,  few  conglomerate  units  with  dispersed 


'^6Vithiii  the  Weir  Moiiiuain  sMitliiie  Kleniic  and  olliers  (1963,  Plate  1)  show  in  the 
southeastern  corner  of  their  map  two  patches  ot  rock  which  they  call  Trimmers  Rock 
Formation,  sinroimded  hv  the  Walcksville  Member  of  the  Catskill  Formation.  Actually, 
both  patches  are  the  Beaxerdam  Run  Member  occinring  within  the  topot;raphicallv 
higher  poitions  of  the  Weir  Moutitaiti  svtuline. 
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Figure  103.  Rotated  ball-and-pillow  structure  with  fossil  zone  (crinoidal  plates) 
oriented  90°  to  bedding.  Unit  69,  measured  section  11,  Beaverdam  Run 
Member  of  Catskill  Formation.  Bedding  is  nearly  vertical. 

quartz  granules  and  pebljles,  and  smaller  ball-and-pillow  structures  in- 
dicate that  the  prodelta  siltstones  of  the  Beaverdam  Run  Member  were 
deposited  in  shallower  water  than  the  Trimmers  Rock  prodelta  siltstones. 
Possibly  the  Beaverdam  Run  deposits  accumulated  in  the  upper  portions 
of  the  delta  platform,  above  the  slope  of  the  prodelta,  in  a relatively  quiet 
area.  I’he  abundance  of  crinoids  suggests  this  type  of  setting,  assuming 
that  transport  by  current  or  by  floating  was  not  a significant  factor  in 
controlling  their  distribution. 

The  lower  200  feet  of  the  Beaverdam  Run  probably  represents  a 
transitional  nearshore  sandstone  between  the  underlying  Walcksville 
delta-plain  red  beds  and  the  overlying  prodelta  portion  of  the  Beaverdam 
Run  Member.  The  sandstones  and  siltstones  of  the  Beaverdam  Run  thus 
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indicate  that  transgression  occurred,  causing  a change  in  deposition  Iroin 
underlying  stdaaerial  delta-jjlain  deposits  to  nearshore  (delta-front?)  sands 
to  prodelta  silts  and  niiuls.  riiis  transgression  represents  a reversal  ol  the 
regressive  trend  of  the  underlying  prodelta  1 rimmers  Rock  F'ormation, 
delta-front  l owainensing  Member,  and  delta-plain  ^Vhdcksville  Member. 

Long  Run  Member 

The  new  name,  Long  Run  Member  ol  the  Catskill  Formation,  is  intro- 
duced here  to  replace  the  ‘‘Damasctis  Member”  usetl  by  Klemic  and 
others  (1963).  Both  terms  refer  to  a thick  red-bed  succession  which  over- 
lies  the  Beaverdam  Run  Member  of  the  Catskill  Formation.  Willard 
(1936b,  p.  584-585)  proposed  the  name  "Damascus''  for  rocks  which  White 
(1881,  1882)  had  called  “Montrose"  (Plate  1).  VV'illard  named  the  400  feet 
of  red  shale  around  the  town  of  Damasctis,  Pennsylvania,  the  Damascus 
red  shale  and  thought  it  to  be  the  lowest  persistent  red-bed  member  in 
the  Catskill  (p.  585).  He  also  applied  the  name  to  the  “3,000  feet  of  red 
beds”  at  the  Lehigh  River  occurring  above  the  rock  containing  Chemung 
fauna  (i.e.,  the  Beaverdam  Run  Member  ol  this  report).  Willard's  (1936b) 
correlation  was  based  on  stratigraphic  position  above  a faunally  defined 
horizon  and  was  not  traced  by  mapping  to  the  Lehigh  River  using 
lithologic  criteria.  Data  from  a 2,165-loot  borehole  drilled  12  miles  south- 
west of  Damascus  (White,  1882,  p.  91  and  365)  indicate  that  mainly  gray 
sandstones  and  shales,  and  minor  amounts  of  red  beds  tip  to  60  feet  in 
thickness,  occur  in  the  hole.  Persistence  of  the  Damascus  red  shale  mem- 
ber is  not  supportetl  by  the  borehole  data;  therefore,  a local  name  is 
proposed  in  this  report  for  the  predominantly  red,  2,363-foot  sequence 
of  rocks  along  the  west  bank  of  the  Lehigh  River. 

The  type  section  is  named  for,  and  is  located  opposite  (west  of).  Long 
Run,  which  drains  from  the  east  into  the  Lehigh  River  north  of  WTiss- 
port  (Plate  1;  Figure  101;  measured  section  12).  I’he  contact  of  the  Long 
Run  Member  with  the  underlying  Beaverdam  Run  Member  is  not 
exposed  at  the  type  section.  The  contact  is  exposed  on  the  east  bank  of 
the  Lehigh  River  along  the  canal  just  north  of  the  confluence  of  Long 
Run  and  the  Lehigh  River,  but  the  outcrop  is  not  readily  accessible  for 
detailed  description. 

The  top  of  the  Long  Run  Member  is  defined  as  the  top  of  the  upper- 
most red  bed  in  this  predominantly  red  member.  The  topmost  betls 
(measured  section  12,  units  El 93,  El 94,  and  El 96)  are  two  red  shale  beds 
capped  by  a thin  red  fine  siltstone.  Fhe  uppermost  red  siltstone  is  over- 
lain  by  a 26-inch-thick,  medium-  to  fine-grained,  greenish-  to  brownish- 
gray  sandstone  interlaminated  with  grayish-red  shale  stringers,  which  is 
the  base  of  the  overlying  Packerton  Member.  The  beds  above  this  basal 
unit  are  massive  and  predominantly  sandstone. 
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riie  Long  Run  at  its  type  section  includes  siltstone  (57  percent) 
sandstone  (26  |>ercent),  shale  (16  percent),  and  conglomerate  (1  percent). 
.\bout  300  feet  of  the  type  section  is  not  exposed.  The  most  distinctive 
feature  of  the  member  is  its  red  color,  confined  mainly  to  the  siltstones 
and  shales.  I’he  Long  Run  is  mapped  across  the  region  on  the  basis  of 
its  typical  red  float  and  soil,  as  is  the  Walcksville  Member.  In  the 
Lehighton  tpiadrangle,  the  Long  Run  Member  lies  between  the  low'  hills 
formed  by  the  underlying  Beavertlam  Run  Member  and  the  higher  well- 
prononncetl  ridges  formed  by  the  overlying  Packerton  Member.  How- 
ever, the  relief  between  the  lower  part  of  the  Long  Run  Member  and  the 
Beaverdam  Run  Member  is  greater  than  between  the  upper  part  of  the 
Long  Run  Member  and  the  Packerton  Member  because  of  the  increased 
amount  of  sandstone  in  the  upper  part  of  the  Long  Run.  The  difference 
in  relief  between  the  upper  part  of  the  Long  Run  Member  and  the 
Packerton  Member  is  negligible,  and  the  valley  floored  by  the  Long  Run 
Member  is  asymmetrical,  as  seen  in  the  stream  valley  of  Long  Run 
(Plate  1). 

'The  siltstones  of  the  Long  Run  Member  are  both  massive  and  fissile, 
and  are  fine,  metlium,  and  coarse  grained.  Some  are  designated  coarse- 
grained siltstone-very  fine  grained  sandstone.  The  number  of  siltstone 
betls  is  greatest  in  the  lower  l,d()0  feet  of  the  type  section.  In  the  upper 
1,600  feet,  sandstone  is  an  important  component  of  the  type  section. 
P'rom  the  base  of  the  section  upward  to  about  1,400  feet,  siltstone  and 
shale  comprise  HO  to  100  percent  of  the  section.  Above  that,  to  the  top  of 
the  section,  siltstone  and  shale  average  approximately  70  percent  of  the 
section.  T he  overall  trend  is  toward  an  increase  in  the  number  of  sand- 
stone units  upward,  associated  with  an  increase  in  both  the  spread  in 
grain  si/e  and  the  maximum  sand  size. 

llpward-fining  setjuences  are  a notable  feature  of  the  upper  566  feet 
of  the  Long  Run  Member  at  the  type  section.  Elsewhere  in  the  mapped 
area,  the  upper  part  of  the  Long  Run  is  commonly  covered  by  colluvium 
from  the  overlving  Packerton  Member.  The  upward-fining  sequences 
observed  in  the  Long  Run  Member  are  similar  to  those  in  the  Walcks- 
\ille  Member.  Because  the  cycles  lack  scoured  or  eroded  bases,  they  are 
not  considered  to  be  similar  in  form  or  origin  to  the  upward-fining 
alluvial  cycles  described  by  .^llen  (1964). 

I he  base  ol  the  upward-fining  secpience  is  defined  by  a planar  contact 
overlain  by  a [danar  sandstone  layer.  In  some  cases,  immediately  above 
this  planar  contact,  rountl  carbonate  clasts  and  plant  fragments  occur, 
completely  unsorted,  in  the  sandstone.  I’he  basal  sandstone  is  commonly 
massive  in  its  lower  jrortion  but  has  well-developed  parallel-laminated 
planar  bedding  in  its  upper  portion.  Grain-size  decrease  generally  accom- 
panies the  change  from  massive  to  planar-bedded  sandstone. 
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W’ithin  the  samlstone  portion  ot  tlie  tipwai d-finiii”  setpientes,  colors 
commonly  change  from  grays  and  grayish  gieens  tipcvard  ter  reds  and 
brownish  reds,  .\bove  the  color  transition,  which  takes  place  through  a 
zone  of  a tew  inches,  grain  si/e  decreases  tipward  to  coarse  siltstone  and 
then  to  medium  and  fine  siltstone,  occasiomdly  cidminated  liy  shale.  'I  lie 
siltstone  and  shale  portions  ot  the  Long  Rtni  npward-fining  secpiences 
are  invariably  red.  However,  the  upper  tew  inches  ol  the  topmost  bed  in 
some  iipward-fining  secjiiences  is  gray  green  or  yellow  green  just  lieneath 
the  contact  with  the  overlyitig  sandstone  bed  ot  the  next  setpience.  Possibly 
reduction  of  the  topmost  sedimentary  material  occurred  prior  to  and/or 
during  deposition  ot  the  o\erlying  sandstone.  I he  iiiterlace  between  fine 
siltstone  or  shale  and  the  overlying  sandstone  may  be  a tavoralile  /one 
for  ground-water  movement,  t he  carlionaceotis  material  observed  in  some 
of  the  basal  beds  of  upward-fining  snccessions  may  allect  the  grotind 
water  in  redtiction  ot  the  oxidi/ed  material  (presumably  an  iron  hydrox- 
ide) in  the  tippermost  parts  of  these  snccessions. 

Sedirnentologic  Origin  of  the  Wulckstnlle  (ind  Long  Run  Members 

1 he  W^alcksville  and  Long  Run  Memliers  have  several  stratigraphic 
and  sedimentologic  elements  in  common  which  permit  a general  inter- 
pretation of  the  clepositional  etivironment  in  which  they  acctminlated. 
Factors  relevant  to  this  interpretation  are: 

(1)  the  occtirrence  ot  these  two  red-lied  memliers  stratigraphically 
above  and  below  the  marine  prodelta  deposits  ot  the  Beaverdam 
Rim  .Member; 

(2)  the  alinndance,  stratigraphic  distriliution,  and  dominant  red  color 
of  the  siltstones  and  shales  in  the  measured  sections: 

(3)  the  presence  and  nature  of  repetitive  secpiences  in  which  massive 
planar-bedded  parallel-laminated  sandstones  grade  upward  into 
red  siltstones; 

(4)  the  absence  ot  erosion  or  scour  at  the  base  of  sandstone  niiits  that 
are  part  of  repetitive  secpiences; 

(5)  the  presence  of  carbonate  nodules  in  three  modes  ot  occurrence: 
(a)  near  the  color  bonntlary  in  red  (below)  and  green  (above)  silt- 
stones ot  the  Wkdcksville;  (b)  in  the  upper  portion  ot  red  siltstones 
in  which  primary  layering  is  not  present,  and  (c)  in  the  basal 
portion  of  massive  sandstone  beds.  Both  in  the  Walckscille  and 
Long  Rim  Members,  lenticnlar  masses  containing  round  carbonate 
fragments,  or  the  weathered-ont  remnants  of  these  fragments, 
are  found  in  association  with  gray-green  shale  chips  and  an 
abundance  of  limonite.  These  lenticnlar  units  occur  at  the  base 
of  npward-fining  snccessions,  rest  upon  red  siltstones  (gray-green 
where  reduction  has  apparemlv  otciirred  in  the  upper  few  inches 
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of  the  siltstone  unit),  and  are  overlain  by  massive  sandstones  which 
grade  upward  into  laminated  sandstones;  and 

(6)  the  gradual  change  in  character  toward  the  top  of  the  Long  Run 
Member  to  an  increased  dominance  of  sandstone  as  well  as  an 
upward  increase  in  maximum  sand-grain  size  and  increase  in 
spread  in  the  sand-grain  size  range. 

In  interpreting  the  environment  of  deposition  of  both  the  Walcksville 
and  Long  Run  Members,  it  is  necessary  to  attempt  to  explain  the  repeti- 
tive pattern  of  sedimentation  which  seems  fundamental  to  these  red-bed 
successions.  Once  the  repetitive  pattern  can  be  explained  in  terms  of 
depositional  mechanism  (i.e.,  process),  it  is  possible  to  relate  process  to 
morphologic  setting. 

The  basic  elements  in  the  Walcksville  and  Long  Run  which  appear 
to  be  responses  to  depositional  process  are:  (1)  the  accumulation  of  mas- 
sive sandstone  units  in  which  the  most  abundant  preserved  result  of 
current  action  is  parallel  laminations  (crossbedding  is  a minor  com- 
ponent); (2)  the  upward  change  in  grain  size  and  color  from  very  fine 
grained  gray-green  sandstone  to  evenly  bedded  and  sometimes  parallel- 
laminated  red-gray  coarse  siltstone  to  finer  red  siltstones  having  less  well 
preserved  primary  bedding;  and  (3)  carbonate  fragments,  described  above, 
which  occur  both  as  primary  components  of  the  fine  red  siltstones  and  as 
incorporated  material  at  the  bases  of  some  massive  sandstone  units. 

The  following  morphological  setting  and  processes  of  sedimentation 
relate  the  above  features  to  a single  depositional  event:  a broad,  rela- 
tively flat  subaerial  surface,  where  mud  accumulated  and  which  was  acted 
upon  by  burrowing  organisms  and/or  roots  (presently  preserved  as  the 
fine  red  siltstones  lacking  bedding),  was  inundated  by  sand-trans|X)rting 
floodwaters.  The  region  w'as  evidently  of  sufficiently  low  relief  that 
well-established  channel  systems  did  not  exist.  Floodwater  transport  re- 
sults in  an  essentially  planar  contact  between  the  newly  introduced  sand 
and  the  surface  over  which  it  is  transported.  Low  areas  or  depressions  in 
the  mud  surface  prior  to  flooding  evidently  accumulated  carbonate 
(possibly  siderite)  nodides  by  precipitation.  Evidence  is  still  preserved  of 
the  accumidation  of  carbonate  near  the  interface  of  ground  water  and  air, 
where  carbonate  fragments  or  weathered-out  zones  occur  in  the  fine  red 
siltstones  just  beneath  the  massive  sandstones.  These  carbonate  nodules 
are  similar  to  “race  ” described  by  Allen  (1964).  The  deposits  on  the 
snbaerial  plain  decrease  in  grain  size  upward,  from  very  fine  sands 
through  coarse  silt  to  finer  silts  that  were  held  in  suspension  through  the 
final  phase  of  the  inundation.  Increase  in  clay-sized  micas  associated  with 
the  upward  fining  probably  accounts  for  the  color  change  near  the  sand- 
stone-siltstone  boundary.  Later  oxidation  of  these  fine  micas,  either 
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between  Hoods  or  much  later  in  the  iliagenetic  process,  accounts  lor  the 
red  coloration  ol  the  finer  terrigenous  material. 

All  products  of  a depositional  process  may  not  he  preserved;  for  exam- 
ple, channel  or  overhank  deposits  are  typically  not  preserved.  Channel 
filling,  scoured  surfaces,  and  abundant  crossbedding  are  common  pre- 
served structures  of  a normal  fluvial  system  (.Alien,  19f)4).  None  ol  these 
structures  are  present  in  anv  significant  amount  in  the  Walcksville  and 
Long  Run  Members.  suhaerial  delta-plain  environment  would  produce 
the  physical  features  preserved  in  the  Walcksville  and  Long  Run  Mem- 
bers. In  addition,  the  stratigraphic  positions  ol  these  members  support 
the  view  that  they  are  accumulations  adjacent  to  a coastline  region.  1 he 
Walcksville  grades  up  from  the  underlying  sandstones  ol  the  Lowamcn- 
sing  which  contain  abundant  evidence  of  origin  in  a nearshore  marine 
setting.  The  top  of  the  Walcksville  grades  upward  through  sandstones, 
interpreted  as  delta-front  deposits,  at  the  base  of  the  Beaverdam  Run 
into  the  thick  prodelta  deposits  of  the  main  portion  of  the  Beaverdam 
Run,  The  base  of  the  Long  Run  represents  a return  to  a depositional 
environment  similar  to  that  of  the  Walcksville. 

Thus,  the  pattern  of  regression  in  the  Lowamensing-to-Walcksville 
succession  was  reversed  to  marine  transgression,  represented  by  the  jtro- 
delta  deposits  of  the  Beaverdam  Run  Member.  The  Long  Run  Member 
represents  a return  to  the  previous  regressive  pattern;  this  pattern  con- 
tinues ujnvard  through  the  member,  with  an  increasing  sand  content  anti 
a gradual  establishment  of  a fluvial  succession  near  the  top. 

Packerton  Member 

l ire  name  “Packerton  Member”  is  projX)sed  for  a newly  designated, 
dominantly  sandstone,  ritlge-forming  rock  unit  which  occurs  above  the 
Long  Run  Member  of  the  Catskill  Formation.  The  name  is  derivetl  from 
the  town  of  Packerton;  the  type  section  is  exjxtsed  along  railroatl  cuts 
on  the  west  bank  of  the  Lehigh  River  east-northeast  of  Packerton  (Figure 
101),  and  is  416  feet  thick.  I he  Packerton  Member  is  also  nearly  hilly 
exposetl  along  LI..S.  Route  209  between  the  type  section  and  the  town  of 
Packerton. 

1 he  base  of  the  Packerton  .Member  apjjarently  coincitles  with  the  base 
of  the  unit  called  “Honesdale”  by  Klemic  and  others  (1963).  Fhe  Hones- 
dale,  as  used  by  Klemic  anti  others,  extends  ujnvard  stratigraphically 
through  at  least  three  of  the  members  defined  in  this  report.  Fhe  use  of 
the  Honesdale  as  a rock-stratigraphic  unit  was  evaluated  previously;  it  was 
concluded  that  there  is  no  satisfactory  evidence  that  a physical  relation- 
ship exists  between  sandstones  at  the  Lehigh  River  and  those  in  the 
original  type  location  of  the  Honesdale  (White,  1881). 
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T he  upper  and  lower  boundaries  of  the  Packerton  Member  occur 
immediately  below  and  immediately  above,  respectively,  the  red  siltstone 
unit  at  the  base  of  the  Sawmill  Run  Member  and  the  red  shale  at  the 
top  of  the  underlying  Long  Run  Member.  The  basal  unit  of  the  Packer- 
ton  (measured  section  13,  unit  196)  has  a heterogeneous  lithology  and 
there  is  little  persistence  of  laminae  within  the  beds  of  the  unit.  In  the 
lower  10  inches,  the  sandstone  is  fine  to  metlium  grained  and  green  gray 
(5GY5/1).  Shale  occurs  immediately  above  the  sandstone.  In  the  upper 
16  inches  of  the  basal  unit,  medium-grained,  green-gray  sandstone  is 
interlaminated  with  gray-red  (5R4/2)  shale.  7'his  mixed  lithology  passes 
upward  into  brown-gray  (,5YR4/1)  medium-grained  sandstone.  The  top- 
most unit  of  the  Packerton  (measured  section  13,  unit  265)  is  28  feet 
thick  and  is  mainly  composed  of  coarse-  to  medium-grained  sandstone;  a 
zone  of  fine-  to  very  fine  grained  sandstone,  8 feet  thick,  occurs  3 feet 
below'  the  top  of  the  unit.  The  uppermost  sandstone  unit  of  the  Packer- 
ton  is  overlain  by  nearly  55  feet  of  red  (5R4/2)  siltstones  which  form  the 
base  of  the  Sawmill  Run  Member. 

Red  color  is  virtually  absent  from  the  Packerton  Member.  Three  con- 
tiguons  beds  (measured  section  13,  units  219,  220,  and  221)  are  grayish 
red  and  consist  of  coarse-grained  siltstone  (unit  219),  fine-grained  siltstone 
(unit  220-221A),  and  shale  (tmit  221B).  This  grayish-red  interval,  which 
is  16  feet  thick,  represents  a major  portion  of  the  siltstone  and  shale 
observed  in  the  type  section  of  the  Packerton.  As  noted,  sandstone  is  the 
dominant  lithology  of  the  Packerton  and  makes  up  88  percent  of  the  type 
section.  Shale  and  siltstone  account  for  10  percent  of  the  type  section; 
conglomerates  form  the  remainder. 

Many  of  the  sandstone  units  in  the  Packerton  have  layers  or  lenticular 
zones  within  them  which  are  deeply  weathered.  Apparently  these  lenticu- 
lar zones  are  calcareous  portions  of  beds  which  have  been  leached  by 
weathering.  The  leaching  appears  in  beds  which  are  in  two  stratigraph- 
ically  separate  portions  of  the  Packerton  type  sections.  Units  206,  209, 
210,  and  218  (measured  section  13)  represent  the  low'er  leached  sand- 
stone beds  and  units  239,  242,  245,  249,  and  253  represent  the  upper 
group  of  leached  Ijeds. 

4'he  distribution  of  sand  sizes  in  the  Packerton  Member  at  the  type 
section  is  shown  in  Figure  104.  d’his  histogram  is  based  on  field  descrip- 
tions of  each  sandstone  bed.  Fhe  bidk  of  the  Packerton  sandstones  are 
fine  and  medium  grained. 

Fhe  Packerton  is  the  first  unit  aljove  the  base  of  the  Catskill  Forma- 
tion at  the  Lehigh  River  in  which  crossbedding  is  prominently  devel- 
oped. Crossbedding  in  the  Packerton  and  in  the  overlying  Catskill  mem- 
bers is  the  most  obvious  primary  sedimentary  structure  and  is  of  funda- 
mental importance  in  interpreting  the  depositional  origin  of  these 
members. 
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Figure  104.  Size/thickness  distribution  of  sandstones  in  type  section  of  Packerton 
Member  of  Catskill  Formation. 

Two  types  of  betltling  occur  in  the  Packerton;  their  sequential  occur- 
rence upward  stratigraphically  within  the  type  section  is  an  important 
clue  to  the  nature  of  these  deposits,  d'he  first  type  of  bedding  is  a rela- 
tively steep  (5°-15°)  northwest-dipping  foreset  group  of  sandstone  beds 
which  are  commonly  parallel  laminated.  Dip  angles  represent  pre- 
rotation orientations,  d'he  second  type  of  bedding  is  massive  or  flaggy, 
planar,  parallel-laminated,  extensive  sandstone  beds  (10  to  20  feet 
parallel  to  bedding)  which  in  some  cases  dip  gently  (3°-H°)  to  the  south 
and  southeast.  These  gently  dipping  parallel-laminated  beds  generally 
truncate  the  steeper  dipping  foreset  beds  (Figure  105). 

Lenticular  zones  up  to  2 to  3 feet  thick  commonly  occur  below  the 
more  steeply  inclined  foreset  crossbeds.  The  zones  consist  ot  gray-green 
shale  chips  and  abundant  limonite  in  a matrix  of  sand-sized  quartz  grains. 
In  some  parts  of  the  type  section,  the  downdip  portion  of  the  foresets 
merges  with  these  lenticular  zones,  d’lie  zones  are  recognized  in  the  field 
by  their  deeply  weathered  and  leached  appearance:  somewhat  fresh  sam- 
ples from  the  zones  indicate  that  the  weathering  has  residtcd  from  the 
abundance  of  round  carbonate  fragments.  The  relationship  of  these 
lenses  to  the  two  bedding  types  in  the  Packerton  sandstones  is  shown 
in  Figure  105.  Obviously  this  relationship  is  more  complex  in  some 
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Figure  105.  Bedding  components  in  sandstones  of  Packerton  Member  of  Catskill 
Formation.  1.  Lenticular  sandstone  containing  round  carbonate  fragments, 
gray-green  shale  fragments,  and  abundant  limonite;  deeply  weathered. 
2.  Planar  northwest-dipping  foreset  crossbeds,  commonly  parallel- 
laminated.  3.  Planar,  parallel-laminated  beds,  nearly  horizontal  or  dipping 
gently  to  the  south  and  southeast.  Units  in  diagram  shown  in  original 
positions  prior  to  structural  rotation. 

parts  ot  the  type  section  than  is  shown  in  the  idealized  example  in 
Figure  105.  In  the  measured  section,  one  ot  the  three  elements  may  be 
missing  or  repetition  may  occur,  creating  a complex  superposition  ot 
certain  elements.  These  deviations  trom  the  ideal  example  in  Figure  105 
are  accountable  in  the  interpretation  ot  the  depositional  origin  ot  these 
sandstones  and  will  be  discussed  later. 

The  measured  type  section  ot  the  Packerton  (measured  section  13) 
shows  the  distribution  ot  the  three  components  which  represent  most  ot 
the  depositional  recortl  ot  the  member.  Units  206-209  and  unit  218  show 
the  secjuence  and  character  ot  the  three  principal  components.  Unit  206 
is  a fine-grained  sandstone,  17  inches  thick,  in  which  the  basal  3 inches 
is  deeply  weathered  and  leached,  containing  small  rust-colored  pods 
(presumably  limonite-stained  shale  or  carbonate  fragments).  Planar  tabu- 
lar foreset  beds  in  unit  207  dip  to  the  northwest.  Unit  207  bevels  the  top 
of  unit  206,  producing  up  to  2 feet  of  relief  on  the  top  surface  of  unit 
206.  Units  208  and  209  are  fine-grainect  parallel-laminated  sandstones. 
Unit  209  thins  upward  in  the  exposure  at  the  expense  of  the  overlying 
leached  and  weathered  zone  of  the  next  unit,  210. 

Unit  218  contains  the  three  components  of  the  depositional  sequence: 
a lenticidar  leached  zone  at  the  base,  an  intermediate  zone  of  foresets 
inclined  10  degrees  toward  the  northwest,  and  above,  flaggy,  parallel- 
laminated,  fine-grained  sandstones,  6.67  feet  thick.  Above  the  sandstones, 
there  is  a weathered  and  leached  zone  at  the  base  of  the  overlying  unit. 

Units  245-248  (measured  section  13)  comprise  another  of  these  three- 
component  setjuences,  although  the  overlying  leached  unit  (249)  has 
parallel-laminated,  fine-grained  sandstone  beds,  a bedding  feature  not 
common  to  most  of  these  more  deeply  weathered  units.  Starting  with  the 
leached  zone  at  the  top  of  unit  253,  another  three-component  sequence 
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1 continues  upward  through  unit  256,  although  the  alternation  of  crossbed 
vectors  from  southeast  to  northwest  and  then  to  sotitheast  again  in  units 
; 255  and  256  shows  that  this  is  a rather  complex  succession.  The  upper- 
most unit  of  the  Packerton,  unit  265,  is  an  interesting  sandstone  sequence 
~5oi  beginning  with  steeply  northwest  dipping  (10°  + ),  short,  wedge-shaped 
foreset  beds  and  overlain  by  tabular  beds  of  planar,  parallel-laminated 
sandstones  dipping  gently  to  the  southeast.  This  succession  of  steeply 
j northwest  dipping  beds  followed  by  gently  southeast  dipping  beds  is 
repeated  several  times  upward  through  this  30-foot  unit, 
til  I'he  sandstone  tinits  in  the  Packerton  type  section  which  do  not 
V exhibit  this  three-component  sticcession,  stich  as  units  212-214,  250-252, 
and  260-263  (measured  section  13),  are  massive  uniform  sandstone  units 
ij  in  which  parallel  lamination  and  minor  crossbedding  are  the  only  ob- 
servable  primary  sedimentary  strtictures.  In  some  units,  flaggy  bedding 
, (1  to  4 inches  thick)  occurs. 

I The  dominance  of  sandstone  in  the  Packerton  Member,  its  bedding 
1 characteristics,  and  the  three-component  succession  of  sandstone  bedding 

I types  are  the  bases  for  interpreting  the  sedimentologic  origin  of  this 
member.  The  three  superjacent  Catskill  members,  the  Sawmill  Run, 
Berry  Run,  and  Clark’s  Ferry  Members,  have  the  same  dominance  of 
sandstone,  bedding  characteristics,  and  three-component  successions  as 
has  been  described  in  the  Packerton.  Therefore,  the  sedimentologic 
origins  of  all  four  members  are  considered  together  after  the  description 
of  the  Clark’s  Ferry  Member. 

Sawmill  Run  Member 

Immediately  above  the  Packerton  Member  is  a newly  recognized, 
readily  mappable  valley-forming  unit,  here  designated  the  Sawmill  Run 
Member  of  the  Catskill  Formation.  I’his  name  is  derived  from  a stream. 
Sawmill  Run,  which  is  located  in  the  Christmans  Vi/^-nainute  quadrangle. 
Rocks  mapped  in  the  southern  half  of  the  Lehighton  15-minute  quad- 
rangle can  be  traced  across  Sawmill  Run  at  the  confluence  of  Sawmiill 
Run  and  a small  tributary  at  about  the  1000-foot  contour.  Sevon  (in 
press)  has  mapped  the  Sawmill  Run  Member  as  well  as  the  other  Catskill 
members  in  the  northern  half  of  the  Lehighton  15-minute  quadrangle. 

The  measured  type  section  is  in  the  nearly  continuous  outcrop  along 
the  west  bank  of  the  Lehigh  River  north  of  the  exposures  of  the  Packer- 
ton  Member  type  section  in  the  cuts  along  the  former  railroad  (Figure 
101).  The  contact  of  the  Sawmill  Run  type  section  with  the  uppermost 
beds  of  the  Packerton  type  section  is  exposed.  The  type  section  of  the 
Sawmill  Run  is  424  feet  thick  and  is  described  in  measured  section  14. 

The  Sawmill  Run  at  the  type  section  is  dominantly  sandstone  (64  per- 
cent); siltstone  (32  percent)  is  the  only  other  significant  component. 
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Nearly  all  of  the  siltstoiies  are  red.  Two  red  siltstone  beds  delineate  the 
base  and  top  of  the  member.  A distinctive  58-foot  red  siltstone  and  very 
fine  grained  sandstone  at  the  top  of  the  type  section  forms  a mappable 
boundary  between  the  Sawmill  Run  Member  and  the  overlying  sand- 
stones of  the  Beny  Run  Member.  A unit  of  red  medium-grained  silt- 
stone, 55.7  feet  thick,  at  the  base  forms  an  easily  recognizable  boundarv 
between  the  Sawmill  Run  and  the  underlying  Packerton  Member.  These 
basal  and  upper  red  beds,  in  addition  to  a 32-foot-thick  red  siltstone  unit 
in  the  middle  portion  of  the  type  section,  are  recognizable  topographic 
lows  on  aerial  photographs. 

In  addition  to  very  minor  amounts  of  shale  in  the  type  section,  the 
Sawmill  Run  contains  about  6.25  feet  of  calcareous  sandstone  layers. 
These  calcareotis  layers  are  deeply  leached  where  exposed,  but  fresh 
surfaces  show  numerous  faces  of  interlocking  sparry  calcite  which  binds 
the  rock  into  a very  hard,  massive  material.  Units  300,  302,  310,  and  thin 
layers  in  316  (measured  section  14)  are  calcareous  sandstone.  Parts  of 
some  sandstone  beds  in  the  Sawmill  Run  are  leached;  carbonate  may 
have  been  present  in  these  horizons  prior  to  weathering  (measured 
section  14,  units  270,  271,  283,  291,  293,  and  309). 

Sandstones  in  the  Sawmill  Run  type  section  have  a rather  limited 
grain-size  distribution.  Field  classification  shows  that  most  of  the  sand- 
stones are  fine  grained  with  a somewhat  skewed  distribution  toward  the 
very  fine  grain  sizes  (Figure  106).  No  coarse-  or  very  coarse  grained 
sandstone  was  observed.  The  histogram  (Figure  106)  shows  the  maximum 
sand  size  observed  in  each  sandstone  unit.  Sand-size  distribution  in  the 
Sawmill  Run  Member  is  more  restricted  than  in  the  other  Catskill  mem- 
bers which  are  characterized  by  a dominance  of  sandstone. 

Crossbedding  is  the  most  significant  primary  sedimentary  structure 
in  the  Sawmill  Run  and  can  be  used  to  interpret  its  mode  of  origin.  The 
bedding  character  and  succession  of  bedding  types  in  the  Sawmill  Run 
sandstones  are  similar  to  those  described  in  the  Packerton.  Wedge-  and 
tabtdar-shaped  northwest-dipping  foreset  beds  are  common.  The  foreset 
beds  are  overlain  by  parallel-laminated  massive  or  flaggy  units  which  are 
either  horizontal  or  dip  gently  to  the  southeast  (pre-rotation).  In  addi- 
tion, the  steeper  northwest-oriented  beds  commonly  overlie  lenticular 
zones  of  weathered  and  leached  material  made  up  of  sand-sized  quartz 
grains,  gray-green  shale  fragments,  and  abundant  limonite.  Evidently, 
granule-  and  small-pebble-sized  carbonate  fragments  were  originally  part 
of  the  lenticular  beds  and  have  since  been  removed  by  ground  water 
and/or  weathering  action.  These  three  components— the  lenticular 
leached  zone,  the  steeply  northwest  dipping  (10°±)  foreset  tabular-  or 
wedge-shaped  beds,  and  the  overlying  parallel-laminated  sandstones— are 
shown  in  an  ideal  stratigraphic  relationship  in  Figure  105.  The  three 
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Figure  106.  Size/thickness  distributions  of  sandstones  in  type  section  of  Sawmill  Run 
Member  of  Catskill  Formation. 

components  occur  in  this  ideal  sequence  and  in  more  complex  sequences 
throughout  most  of  the  sandstone  units  in  the  Sawmill  Run  type  section. 

Several  sandstone  units  at  the  Sawmill  Run  type  section  exhibit  a 
succession  of  bedding  types  having  little  dilference  from  the  ideal  arrange- 
ment shown  in  Figure  10.o.  Units  269-273  (measured  section  14)  show  such 
a succession,  although  the  calcareous  material,  commonly  a part  of  a 
basal  lenticular  bed  in  the  sequence,  is  in  this  case  incorporated  into  the 
northwest-dipping  (5°)  flaggy  crossbeds.  Plant  remains  are  in  part  of  a 
unit  that  is  deeply  weathered  (basal  8 inches  of  unit  271).  In  units  272- 
273,  above  the  parallel-laminated  sandstones  of  unit  271,  the  beds  are 
massive  and  flaggy  with  no  evidence  of  crossbedding. 

Units  283-285  (measured  section  14)  are  very  similar  to  the  ideal  three- 
component  sequence  except  that  the  deeply  weathered  sandstones  are 
incorporated  into  the  northwest-dipping  (10°)  foreset  bedding.  In  units 
289-290  both  foreset  and  parallel-laminated  beds  occur  but  the  leached 
lenticular  zone  does  not.  However,  the  leached  lithology  is  in  the  over- 
lying  unit  (291).  A similar  relationship  exists  in  units  304-305,  the  basal 
sandstone  having  festoon  crossbedding.  Unit  309  has  all  three  elements 
(foreset  beds,  parallel-laminated  beds  and  the  leached  zone);  five  repeti- 
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tions  of  the  leached  calcareous  fine-grained  units  are  present  near  : 
the  Ijase. 

In  unit  316,  the  three-component  succession  is  developed  with  virtually 
no  tlifference  from  the  ideal  sequence.  Shale  occurs  at  the  base,  outlining 
a trough  form,  upon  which  rests  the  overlying  flaggy  foreset  sandstone 
beds.  7'he  foresets  are  overlain  by  very  gently  northwest  dipping  parallel- 
laminated  beds.  Two  thin  leached  sparry  calcite  limestone  units  lie  above 
the  foreset  beds.  Associated  with  them  are  massive  parallel-laminated 
beds,  which  represent  the  entire  upper  25  feet  of  this  sandstone  unit. 

In  the  Sawmill  Run  Member,  as  in  the  Packerton  Member,  those  sand- 
stone units  which  do  not  occur  with  any  particular  succession  of  bedding 
types  are  predominantly  massive  sandstones.  Most  of  these  massive  sand- 
stones show  evidence  of  parallel  laminations:  some  weather  into  flaggy 
beds.  Planar  bedding  is  characteristic  of  the  massive  sandstones,  although 
sandstones  within  three-component  sequences  of  bedding  types,  with  the 
exception  of  most  of  the  weathered  and  leached  lenticular  zones,  are 
also  planar  bedded.  There  is  a general  absence  of  ripple  marks  and 
primary  sedimentary  structures  associated  with  ripple  migration.  Because 
the  sedimentologic  origin  of  the  Sawmill  Run  Member  is  thought  to  be 
similar  to  that  of  the  underlying  Packerton  Member  and  the  overlying 
Berry  Run  and  Clark’s  Ferry  Members,  the  discussion  of  the  depositional 
environment  in  which  these  sandstone-dominated  members  were  devel- 
oped will  be  presented  after  the  description  of  the  Clark’s  Ferry  Member. 

Berry  Run  Member 

Immediately  above  the  Sawmill  Run  Member  is  a distinctive,  map- 
pable  rock  unit  dominated  by  crossbedded  sandstones,  named  here  the 
Berry  Run  Member  of  the  Catskill  Formation.  The  name  “Berry  Run” 
is  taken  from  a stream  in  the  northern  half  of  the  Lehighton  15-minute 
quadrangle  (Sevon,  in  press),  despite  the  fact  that  the  measured  type 
section  is  contiguous  with  the  exposure  of  other  Catskill  members  along 
the  west  bank  of  the  Lehigh  River  (Figure  101)  in  the  southern  half  of 
the  Lehighton  15-minute  quadrangle.  Sevon  (in  press)  has  mapped  the 
Berry  Run  Member  from  the  Lehigh  River  exposures  northeastward 
along  Berry  Run  in  the  northern  half  of  the  Lehighton  15-minute  quad- 
rangle. No  outcrop  of  this  member  occurs  in  Berry  Run;  the  name  is 
used  because  of  the  deficiency  of  available  local  names  at  the  nearly  fully 
exposed  Upper  Devonian  section  along  the  Lehigh  River. 

The  base  of  the  Berry  Run  Member  is  readily  mappable  because  it  is 
immediately  above  the  valley-forming  Sawmill  Run  Member;  the  top  of 
the  Berry  Run  Member  can  also  be  delineated  topographically.  The  top 
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is  expressed  by  a red  siltstone  and  fine  sandstone  unit  whicli  lonns 
a less  resistant  siirlace  than  the  conglomerate  and  sandstone  at  the  base 
of  the  overlying  Clark’s  Ferry  Member.  This  topographic  feature  is 
subtly  developed  but  can  be  seen  on  1:20,000  aerial  photographs. 

Measured  section  15  is  a description  of  the  type  section  of  the  Berry 
Run  Member.  The  section  is  985  feet  thick  and  consists  of  sandstone 
(79  percent),  siltstone  (14  percent),  shale  (3  percent),  and  conglomerate 
(4  percent).  Although  dominated  by  nonred  sandstone,  the  Berry  Run 
contains  several  red  fine  sandstone  and  siltstone  beds,  most  of  which  occur 
in  the  upper  175  feet  of  the  member.  Plant  fragments  and  plant  impres- 
sions were  noted  in  several  units,  generally  in  sandstones,  in  the  lower 
260  feet  of  the  member. 

The  basal  unit  of  the  Berry  Run  type  section  is  an  18-inch-thick 
laminated  very  fine  grained  sandstone  which  is  light-olive  gTay  (5Y5/2). 
The  top  of  the  Berry  Run  is  marked  by  a 24-foot  red  unit  of  very  coarse 
grained  sandstone  grading  up  into  medium-grained  siltstone.  Several 
such  units,  which  appear  to  be  fining  upward,  occur  in  the  upper  portion 
of  the  Berry  Run  Member.  The  upper  contact  of  the  member  is  placed 
at  the  top  of  the  highest  red  fining-upward  unit. 

Sand-size  distribution  based  on  field  descriptions  of  each  sandstone  bed 
in  the  Berry  Run  Member  is  shown  in  Figure  107.  This  histogram  shows 
a nearly  symmetrical  distribution  of  the  five  sand-size  categories,  a feature 
not  present  in  histograms  (Figures  104,  106)  of  the  other  Catskill  mem- 
bers in  which  sandstone  is  the  dominant  lithology.  Also,  the  median 
grain  size  is  greater  in  Berry  Run  sandstones  than  in  the  sandstones 
represented  in  Figures  104  and  106.  The  Berry  Run  is  the  first  unit  in 
which  granule-  and  pebble-sized  fragments,  generally  quartz,  appear  with 
some  frequency. 

Crossbeds,  commonly  laminated,  occur  in  most  of  the  sandstone  units. 
The  crossbed  sets  have  relatively  small  dimensions:  length-to-thickness 
ratio  of  sets  is  on  the  order  of  3 to  1.  This  type  of  wedge-shap>ed,  trun- 
cated crossbedding,  common  also  to  the  underlying  Sawmill  Run  and 
Packerton  Members,  contrasts  with  the  geometry  of  crossbed  sets  in  the 
overlying  Clark’s  Ferry  Member,  which  has  length-to-thickness  ratios 
approaching  infinity. 

The  outcrop  character  of  the  Berry  Run  Member  is  very  similar  to  the 
underlying  Sawmill  Run  and  Packerton  Members.  If  the  red  siltstones 
were  absent  at  the  base  and  top  of  the  Sawmill  Run,  the  three  members 
would  be  mapped  as  one  unit.  This  similarity  among  the  three  members 
includes  bedding  types  and  the  sequential  occurrence  of  bedding  types 
which  has  already  been  discussed  in  some  detail  for  the  two  underlying 
members.  The  sandstones  of  the  Berry  Run  Member  show  the  prominent 


184  I.EHIGHTON  AND  PALMERTON  QUADRANGLES 

Feet 

VF  FINE  MED  CS  VCS 


Figure  107.  Size/thickness  distributions  of  sandstones  in  Berry  Run  Member  of  the 
Catskill  Formation. 


set  of  northwest-dipping  planar  and  flaggy  beds  which  commonly  overlie 
and  occasionally  merge  with  an  underlying  leached  zone  comprised  of 
gray-green  shale  fragments,  abundant  limonite,  and  round  carbonate 
fragments.  Above  the  northwest-dipping  foreset  beds  are  planar,  massive, 
and  flaggy  parallel-laminated  sandstones  which  are  either  horizontal  or 
dip  gently  to  the  south  and  southeast  (pre-rotation). 

A minor  variation  of  the  three-component  succession  occurs  in  a few 
sequences  in  the  Berry  Run  (measured  section  15,  units  352,  356,  361, 
368,  392,  and  400).  In  these  units,  the  up-dip  ends  of  the  planar  north- 
west-dipping foreset  crossbeds  are  bevelled  by  a generally  smooth  surface 
having  a gentle  southeast  dip.  Above  this  bevelled  surface,  the  overlying 
set  of  crossbeds  wedges  and  thins  toward  the  original  up-dip  direction. 
Thus,  the  basal  contact  of  these  “infilling”  wedges  dips  southeast, 
although  commonly  the  parallel  laminations  of  the  wedges  are  horizontal 
or  dip  very  gently  to  the  northwest  (pre-rotation). 

In  addition,  relationships  not  observed  among  the  three  components 
in  the  two  underlying  members  are  preserved  in  the  Berry  Run.  The 
preserved  relationship  is  important  in  developing  a working  model  of 
the  de|X)sitional  environment  in  which  the  three-component  sequence 
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can  occur  in  repeated  successions  interrupted  only  by  massive  or  flaggy, 
paralleldaminated  sandstone  units.  Ibiits  348  and  358  (measured  section 
15)  show  the  preserved  portions  ol  individual  sandstone  beds  in  which 
the  dip  changes  within  the  bed  horn  northwest  to  soutlteast.  I he  steep 
northwest-dipping  sandstone  beds  change  attitude  across  a sand-wave  axis 
and  pass  into  gently  southeast  dipping  planar  beds,  commonly  jtarallel 
laminated.  Thus,  units  348  and  358  are  the  preserved  lee  and  stoss 
slopes  of  large  sand  ripples  (dunes).  Although  other  crossbedded  sand- 
stones in  the  Berry  Run  .Member,  as  well  as  in  the  Sawmill  Run  and 
Packerton  Members,  do  not  have  this  crest  as  well  preserved,  the  repeated 
occurrence  of  steep  northwest-oriented  loresets  overlain  by  planar  beds, 
generally  parallel  laminated,  having  either  a gentle  southeastward  dip 
or  no  dip  at  all  (pre-tilt),  suggests  this  sequence  is  the  result  of  migrating 
dunes— the  stoss-side  parallel-laminated  sands  building  up  and  over  the 
dune  crest,  burying  the  lee-side  loreset  sands  ot  the  avalanche  lace  ot  the 
advancing  dime.  The  persistent  occurrence  ot  the  leached  zone  contain- 
ing gray-green  shale  fragments,  round  carbonate  fragments,  quartz  sand 
grains  and  abundant  limonite  below,  and  often  intermixed  with  the 
downdip  portions  of  the  northwest-oriented  foreset  units,  indicates  that 
this  material  accumulated  in  the  troughs  between  dune  crests.  This  rela- 
tionship can  be  seen  in  Figures  105  and  108. 

Clark’s  Ferry  Member 

Fhe  Clark's  Ferry  Member  of  the  Catskill  Formation  lies  immediately 
above  the  Berry  Run  Member  and  below  the  topmost  member  of  the 
Catskill,  the  Duncannon  Member.  1 he  Clark’s  Ferry  .Member  is  904  feet 
thick  and  virtually  lacks  fine  terrigenous  detritus;  shale  and  siltstone 
represent  2 percent  of  the  measured  section.  .Sixty-eight  percent  of  the 
Clark’s  Ferry  is  sandstone;  30  percent  is  conglomerate.  The  reference 
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Figure  108.  Cross-sectional  view  of  dunes  migrated  in  the  downstream  direction. 

1.  Sandy  and  shaly  lenses  containing  shale  and  calcareous  fragments  in 
troughs  between  dune  crests.  2.  Avalanche  face  of  dune,  lee  side.  3.  Stoss- 
side  parallel-laminated  beds  on  gently  dipping  upstream  side  of  dune. 
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section  for  this  member  in  the  southern  half  of  the  Lehighton  15-minute 
quadrangle  is  on  the  west  bank  of  the  Lehigh  River  in  roadcuts  on  U.S. 
Route  209  just  south  of  the  town  of  Jim  Thorpe  (Figure  101).  This 
coarse,  resistant,  ridge-loi'ming  unit  underlies  Flagstaff  Mountain  west  of  ' 
the  Lehigh  River  and  forms  the  south-facing  bench  of  Bear  Mountain  i 
on  the  east  side  of  the  river  (Plate  1).  i 

The  Clark's  Ferry  Member  of  the  Catskill  Formation  was  defined  by  I 
Dyson  (1963,  p.  26,  60-61);  the  type  section  is  located  in  the  northern 
half  of  the  New  Bloomfield  quadrangle  in  central  Pennsylvania.  G.  H. 
Wood,  Jr.  (personal  commun.)  has  traced  rocks  from  the  type  section 
northeastward  to  the  ridge-forming  unit  at  the  Lehigh  River. 

At  the  reference  section  of  the  Clark’s  Ferry  Member  at  the  Lehigh 
River  (measured  section  16),  the  base  occurs  above  the  24-foot  red  fine- 
grained sandstone  and  siltstone  at  the  top  of  the  Berry  Run  Member. 
The  basal  unit  is  a 20-foot-thick  very  coarse  to  medium-grained  dark- 
greenish-gray  (5GY4/1)  sandstone. 

The  basal  2i/^  feet  of  the  Clark’s  Ferry  Member  consists  of  con- 
glomerates containing  abundant  well-rounded  quartz  pebbles.  The  top  of 
the  reference  section  is  a 5-foot-thick  flaggy-bedded  dark-greenish-gray 
(5GY4/1)  siltstone  which  lies  beneath  the  first  of  a nearly  continuous 
secpience  of  red  units  of  the  overlying  Duncannon  Member.  The  base  of 
the  Duncannon  is  a 7i/2-foot-thick  coarse-  to  very  coarse  grained  light- 
grayish-red  (5R5/2)  sandstone  containing  white  quartz  conglomerate  up 
to  4 centimeters  thick  which  occurs  as  stringers  near  the  top  of  the  unit. 

The  Clark’s  Ferry  Member  is  the  most  conglomeratic  of  all  Catskill 
members  at  the  Lehigh  River  section.  Conglomerate  clasts  are  predom- 
inantly white  quartz  and  quartzite  with  occasional  dark  fine-grained 
sedimentary  and  low-rank  metamorphic  rock  (phyllite)  fragments  present. 
Fifty-two  percent  of  the  sandstones  in  the  Clark’s  Ferry  are  medium 
grained;  35  percent  are  coarse  grained.  No  very  fine  grained  sandstone 
was  observed. 

Planar  and  trough  cross-stratification  and  megaripples  are  common 
sedimentary  structures  in  the  Clark’s  Ferry  Member.  The  cross-dip 
azimuths  shown  in  Figure  109  have  a bimodal-bipolar  distribution.  A 
principal  mode  lies  in  the  interval  150°  to  180°;  a secondary  mode  having 
a broader  spread  lies  between  300°  and  360°.  Well-preserved  megaripples 
occur  at  several  stratigraphic  horizons  within  the  Clark’s  Ferry  reference 
section,  having  wavelengths  up  to  18  feet  and  crest  heights  up  to  2 feet. 
Dip  angles  reach  25°  and  commonly  are  oriented  toward  the  south- 
east. The  more  gently  inclined  planar  beds  are  predominantly  parallel 
laminated.  Asymmetrical  ripple  marks  occur  on  some  megaripples.  Cur- 
rent crescents,  rib  and-furrow  structures,  and  linguoid  ripple  marks  also 
occur.  Flow  orientation,  indicated  by  current  crescents,  is  to  the  north- 
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Figure  109.  Distribution  of  crossbed  azimuths  (60  readings)  grouped  in  30°  intervals. 
Reference  section  of  Clark’s  Ferry  Member  of  Catskill  Formation. 

west.  Current  lineations,  reaching  lengths  of  8 to  10  feet,  are  common  on 
bedding-plane  surfaces.  The  trend  of  the  current  lineations  is  southeast- 
northwest,  parallel  to  the  dip  directions  of  crossbedding  in  the  Clark’s 
Ferry. 

Sedimentologic  Origin  of  the  Packerton,  Sawmill  Run,  Berry  R\in, 
and  Clark’s  Ferry  Members 

The  repeated  occurrence  of  the  three-comp>onent  sequence  of  bed 
types,  described  in  the  sections  above,  is  the  product  of  migrating  dunes 
or  large  ripples.  The  repetition  and  frequency  of  the  sequences  indicates 
a setting  in  which  current  direction  and  transport  conditions  were 
uniform  and  persistent  for  a considerable  span  of  time.  The  small 
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amounts  of  siltstone  which  accumulated  suggest  only  minor  interruptions 
of  traction  transport.  The  environment  of  accumulation  indicated  by  the 
repetitive  three-component  sequences  is  a large  braided-river  system. 

Because  braided  rivers  have  more  than  one  channel,  many  parts  of  the 
system  are  in  motion  at  any  one  time,  even  during  low  water.  During 
flood  stages,  the  entire  alluvial  valley  in  which  the  braided-river  system 
occurs  may  be  subject  to  the  transporting  influence  of  the  river.  Thus, 
there  is  normally  preserved  in  braided-river  systems  only  the  large  quan- 
tities ot  material  carried  by  traction  transport  (sand  and  gravel);  fine  sedi- 
ments are  very  rarely  preserved,  because  the  river  retains  them  in  suspen- 
sion and  transports  them  from  the  depositional  area.  Upon  waning  of 
floodwaters,  areas  above  water  around  which  the  multiple  braided  chan- 
nels flow  are  sand  and  gravel  “islands”  called  transverse  and  longitudinal 
bars.  Point  bars  also  are  present.  During  floods,  when  these  bars  are 
submerged  and  traction  currents  are  strong,  the  bars  become  migrating 
bed  forms  on  the  river  floor.  ITe  mid-channel  bars  build  forward  as 
sand  waves;  sediments  are  transported  up  the  long  gently  upstream 
dipping  stoss  slope  of  the  sand  wave  and  are  cascaded  down  the  avalanche 
face  on  the  lee  side.  Point  bars  are  affected  by  downstream  extension  and 
lateral  accretion  during  w’aning  floods  and  low'-water  stages.  The  rela- 
tionship of  bed  forms  to  the  movement  of  sediment  in  braided  rivers  is 
described  in  Leopold  and  Wohnan  (1957),  Doeglas  (1962),  Fahnestock 
(1963),  Ore  (1964),  Williams  and  Rust  (1969),  and  Smith  (1970), 

The  diagram  in  Figure  108  show's  the  relationship  of  the  three-com- 
ponent secptences  in  the  Packerton,  Sawmill  Run,  Berry  Run,  and  Clark’s 
Ferry  Members  to  the  processes  of  sediment  migration  in  braided-river 
systems.  I’he  diagram  is  a cross-sectional  view  that  shows,  at  one  instant 
in  time,  dunes  which  have  migrated  downstream.  The  steep  avalanche 
face  (bed  2)  of  the  migrating  dunes  is  oriented  toward  the  direction  of 
flow.  The  shallow-dipping  parallel-laminated  beds  (beds  3)  are  oriented 
toward  the  direction  from  which  the  flow  is  coming.  Calcareous  fragments 
and  shale  fragments  occur  in  sandy  lenses  in  the  deepest  portion  of  the 
troughs  between  dune  crests  (beds  1).  If  all  components  are  migrated  in 
the  downstream  direction  in  this  diagram  (Figure  108),  the  vertical  suc- 
cession which  results  is  itlentical  to  the  one  repeated  many  times  in 
the  Packerton,  Sawmill  Run,  Berry  Run,  and  Clark’s  Ferry  Members 
(Figure  110). 

The  diagram  in  Figure  108  shows  the  origin  of  both  the  dow'iistream- 
oriented  foreset  beds  (northwest-dipping  in  the  four  members)  and  the 
upstream  gently  dipping  parallel-laminated  beds  (flat  or  southeast-dip- 
ping in  the  four  members).  However,  the  origin  of  the  lenticular  cal- 
careous zones  is  only  inferred.  The  accumulation  of  mud  and  sand  in 
ponded  areas  in  front  of  dune  crests  during  waning  flocxl  and  low-water 
stages  is  possible  in  a braided-river  svstem;  debris  may  be  stranded  in 
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' Tiqure  110.  Complete  sequence  of  bedding  characteristics  found  in  Packerton,  Saw- 

I i mill  Run,  Berry  Run,  and  Clark's  Ferry  Members  of  Catskill  Formation. 

The  sequence  is  a product  of  downstream  migration  of  dunes  during 
waning  and  normal  flow  stages,  infilling  of  troughs  and  obliteration  of 
1 constructional  bed  forms  with  increase  of  flow  rates,  plane-bed  develop- 

i ment  during  flood  (upper  regime  flow)  stage,  and  return  to  lower  regime 

: flow  constructional  bed  forms  with  waning  and  normal  flow. 

I troughs  on  the  back  sides  ot  dunes  when  fioodwaters  subside,  or  may  be 
.deposited  in  troughs  in  Iront  ol  tlie  dune  by  eddy  cuirents.  laitial  oi 
' i total  drying  of  these  pondetl  areas  accounts  lor  Iroth  the  Iragmental  shale 
i and  the  round  carbonate  fragments,  accumulated  by  evaporation,  called 
I*  i “race”  or  kunkur.  Further  detailed  study  of  these  zones  is  reciuired  to 
I develop  convincing  evidence  that  these  round  carbonate  Iragments  aie 
' indigenous  to  the  depositional  environment,  d he  absence  of  teiiigenous 
" ! pebbles  in  association  with  the  round  carbonate  fragments  in  any  of 
! the  four  sandstone-dominated  members  suggests  that  carbonate  liagments 
are  a part  of  the  braided-river  environment,  possibly  an  important  clue 
to  the  prevailing  climate  there. 

Thus,  migration  of  dunes  and  jronding  between  dune  crests  in  a 
• I braided-river  system  account  for  the  three-component  succession  repeated 
: throughout  the  Packerton,  .Sawmill  Run,  Berry  Run,  and  Clark  s Ferry 
® p Members.  The  large  segments  ot  each  of  the  measured  type  sections  in 
which  units  lack  any  directional  component  and  which  were  described  as 
>pi!  massive  or  flaggy,  with  or  without  parallel  laminations,  must  also  be  jrart 
s*  ‘ j of  the  braided-river  system.  In  these  units,  the  absence  of  preserved 
ii'ii  directional  properties  and  the  repeated  presence  of  planar  beds  is  of 
icfp  great  importance.  These  units  apparently  developed  during  river  flow 
intj  stages  in  which  bed-form  irregularities  were  obliterated.  .Such  conditions 
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are  those  ot  high-How  rates  in  which  the  upper  flow  regime  prevails. 
Planar  beds  are  the  most  common  results.  Such  characteristics  are  a 
prevailing  feature  in  the  Clark's  Ferry  Member.  The  presence  of  the  few 
steep  southeast-dipping  beds  observed  in  the  Clark’s  Ferry  Member  sug- 
gests that  another  product  of  upper  regime  flow,  antidunes,  is  also 
preserved.  More  detailed  observational  data  are  required  to  verify  this. 

Thus,  the  Packerton,  Sawmill  Run,  Berry  Run,  and  Clark’s  Ferry 
Members  are  thought  to  represent  products  of  two  types  of  flow  condi- 
tions in  a braided-river  system.  The  three-component  sequence  of  bed- 
ding types  is  a product  of  lower  flow  regime  constructional  and  migrat- 
ing bed  forms.  These  can  be  developed  during  waning  flood  stages  and 
during  normal  flow  conditions  of  the  braided-river  system.  During  peri- 
odic (seasonal?)  floods  in  which  large  quantities  of  water  moved  through 
the  alluvial  valley  at  rates  sufficiently  high  to  obliterate  constructional 
bed  forms,  thick  accumulations  of  planar-bedded  parallel-laminated 
sandstones,  and  possibly  antidunes,  were  deposited.  The  thicknesses,  the 
persistent  northwest  orientations  of  the  foresets,  and  the  sandstone 
dominance  of  these  four  members  are  evidence  of  a well-developed 
braided-river  system  flowing  toward  the  northwest  in  a region  subsiding 
at  a sufficient  rate  to  accommodate  the  nearly  3,000  feet  of  sandstone 
deposits  here  described. 


Duncannon  Member 

The  uppermost  member  of  the  Catskill  Formation,  the  Duncannon  Mem- 
ber, is  an  easily  recognizable  unit  in  outcrop  and  in  topographic  expres- 
sion. The  member  is  968  feet  thick,  is  predominantly  red,  and  is  made  up  of 
sandstone  (40  percent),  siltstone  (34  percent),  and  conglomerate  (18  per- 
cent). The  Duncannon  occurs  in  roadcuts  along  U.S.  Route  209  toward  the 
southern  limits  of  the  town  of  Jim  Thorpe  on  the  west  bank  of  the 
Lehigh  River  (Figure  101). 

The  type  section  of  the  Duncannon  Member  was  defined  by  Dyson 
(1967,  p.  36)  and  was  described  in  sections  measured  by  him  (Dyson, 
1963,  p.  57-60)  at  Peters  Mountain  just  south  of  the  confluence  of  the 
Juniata  River  and  the  Susquehanna  River  in  the  northern  half  of  the 
New  Bloomfield  15-minute  quadrangle.  The  type  section  of  the  Duncan- 
non immediately  overlies  and  is  continuous  with  exposures  of  the  Clark’s 
Ferry  type  section.  G.  H.  Wood,  Jr.  (personal  commun.),  in  mapping 
Upper  Devonian  rocks  present  in  the  Anthracite  region  of  Pennsylvania, 
has  traced  the  Duncannon  Member  from  the  Lehighton  15-minute  quad- 
rangle to  the  type  location  in  central  Pennsylvania. 

The  Duncannon  Member  is  lithologically  distinctive  because  of  its  red 
color  and  its  exceptionally  well  developed  conglomerate  units.  Red  color 
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occurs  in  63  percent  ot  the  thick,  coarse  conglomerates,  in  45  percent 
of  the  massive  sandstones,  in  66  percent  ot  the  siltstones,  and  in  96  per- 
cent of  the  shales  of  the  member.  The  Duncannon  is  the  only  Catskill 
member  that  has  red  conglomerates;  no  other  member  has  an  ajrpreciable 
amount  of  red  sandstone  except  the  Long  Run  Member. 

The  base  of  the  Duncannon  is  a thick,  easily  recognized  conglomerate 
containing  pebble-  and  granule-sized  clasts  of  red,  pink,  and  white  quart- 
zite and  quartz  set  in  a coarse-  to  very  coarse  grained  red  sandstone 
matrix.  Five  conglomerate  horizons  occur  at  the  Duncannon  reference 
section  (measured  section  17).  Mapping  suggests  that  one  or  more  of 
these  conglomerate  horizons  thicken  laterally  and  contain  unusually 
large  amounts  of  pebbles  and  cobbles  of  varying  lithology,  dominantly 
quartz  and  quartzites.  \t  the  reference  section,  conglomerates  are  more 
common  in  the  lower  half  of  the  member  than  in  the  upper  half. 

The  principal  sedimentary  feature  of  the  member  is  a succession  of 
fining-upward  cycles.  At  the  reference  section,  there  are  12  fining-tqzward 
cycles  which,  as  a group,  encompass  nearly  the  total  section.  The  fining- 
upward  cycles  have  all  or  nearly  all  of  the  identifying  features  of  the 
cycles  described  by  Allen  (1964)  for  the  standard  fluviatile  cyclothem. 

In  the  Duncannon  Member,  the  basal  bed  of  fining-tqrward  cycles  is 
commonly  red  conglomeratic  sandstone  containing  eroded  and  incor- 
porated chips  of  the  underlying  siltstone  or  shale.  The  basal  sandstone 
becomes  nonconglomeratic,  massive,  and  finer  grained  upward,  and  be- 
comes flaggy  and  crossbedded  further  upward.  Crossbed  vectors  are  all 
oriented  toward  the  northwest.  Interference  ripples  were  observed  in  the 
flaggy-bedded  portion  of  the  sandstone  in  units  39,  42,  and  62  (measured 
section  17).  Higher  in  the  cycle,  the  crossbedded  red  sandstone  grades  into 
red  siltstone.  The  siltstone  becomes  finer  and  more  fissile  tqrward.  Thick 
red  fissile  shale,  sometimes  ripple-marked  and  mud-cracked,  occurs  at  the 
top  of  some  fining-upward  sequences.  Often  the  basal  sandstone  or  con- 
glomeratic sandstone  of  a succeeding  cycle  is  green  or  gray  green,  wdth 
red  color  beginning  in  overlying  finer  beds  of  the  sequence.  Basal  scour 
and/or  intertonguing  of  beds  (units  64  and  67)  occurs  in  the  lower  por- 
tion of  some  successions.  In  the  upper  part  of  the  Duncannon  Member, 
the  fining-upward  sequences  lack  conglomerate  in  the  basal  unit  and  red 
coloration  does  not  dominate  all  lithologies. 

The  top  of  the  Catskill  Formation  at  the  Lehigh  River  reference 
section  is  placed  at  the  highest  red  siltstone  in  the  Duncannon  Member. 
Above  the  topmost  red  siltstone  bed  in  the  Duncannon,  mixing  and 
interfingering  occur  within  a 239-foot  zone;  the  characteristics  of  this 
zone,  which  include  red  shale-clast-bearing  sandstones  and  sandstone- 
mudstone  mixtures,  are  described  in  the  following  section  on  the 
Spechty  Kopf  Formation. 
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Sedimentologic  Origin  of  the  Duncannon  Member 

The  Duncannon  is  a fluvial  deposit.  The  cyclic  nature  of  the  units, 
the  coarse  elastics  at  the  bases  of  fining-upward  cycles,  the  crossbedding 
in  the  coarse  units  of  the  cycles,  and  the  shallow-water  and  desiccation 
features  in  the  red  siltstones  and  shales  at  the  top  of  the  cycles  all  indicate 
that  the  deposits  accumulated  on  an  alluvial  plain.  This  alluvial  plain  is 
situated  stratigraphically  directly  above  each  of  the  depositional  environ- 
ments previously  described.  Therefore,  in  its  pre-rotation  position,  the 
alluvial  plain  prograded  over  the  thick  braided-river  deposits  which,  in 
turn,  rest  upon  delta-plain  sediments.  All  of  the  subaerially  formed 
dejjosits  prograded  a region  formerly  occupied  by  a marine  environment, 
d’he  entire  marine  and  nonmarine  sequence  of  the  Catskill  and  Trimmers 
Rock  Formations  thus  records  a period  of  a great  amount  of  clastic  influx 
as  well  as  a time  of  sufficient  subsidence  in  this  region  to  accommodate 
the  thick  accumulation  of  clastic  deposits. 


MISSISSIPPIAN-DEVONIAN 

Spechty  Kopf  Formation 

The  Spechty  Kopf  Formation  consists  of  about  548  feet  of  polymictic 
diamictite,  pebbly  mudstone,  orthoquartzite,  sandstones,  and  siltstones 
which  are  mapped  as  a single  unit,  but  for  discussion  purposes  are  sub- 
divided into  three  superposed  and  laterally  variable  lithologic  compo- 
nents. The  formation  is  not  well  exposed  in  the  mapped  area  except  on 
the  east  bank  of  the  Lehigh  River  at  |im  Thorpe  (measured  section  18) , 
and  mapping  of  the  unit  is  dependent  mainly  on  location  of  red  float 
from  the  underlying  Catskill  Formation  and  conglomerate  of  the  over- 
lying  Pocono  Formation.  The  rocks  comprising  this  formation  do  not 
form  prominent  ledges  or  ridges,  and  tend  to  break  down  into  small 
pieces  or  component  grains  during  weathering. 

The  Spechty  Kopf  Formation  corresponds  to  the  three  lower  lithologic 
components  previously  included  in  the  Pocono  Formation  by  Sevon 
(1969a)  . Use  of  the  name  Spechty  Kopf  is  deemed  desirable  because: 

1.  Mapping  by  G.  H.  Wood,  |r.,  U.S.  Geological  Survey  (personal 
commun.)  to  the  southwest  between  the  Lehigh  River  and  Cressona,  the 
type  locality  of  the  Beckville  (lower)  and  Mt.  Carbon  (upper)  Members 
of  the  Pocono  Formation  (Trexler  and  others,  1962) , indicates  that  the 
basal  conglomerate  of  the  Beckville  (lower)  Member  at  Cressona  is 
mappable  into  the  conglomerate  defined  in  this  report  as  the  base  of  the 
Pocono  Formation. 

2.  The  lithologies  present  in  the  Spechty  Kopf  Formation  of  this  re- 
])ort  are  similar  to  and  in  many  cases  identical  to  lithologies  mapped 
elsewhere  as  Spechty  Kopf. 

Previous  workers  in  the  mapped  area  have  included  the  rocks  here 
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called  Spechty  Kopf  in  the  Pocono  Formation  (Sevon,  1969a)  and  recent 
usage  elsewhere  in  Pennsylvania  has  placed  the  Spechty  Kopl  as  a mem- 
ber ot  the  Pocono  Formation  (e.g.,  Dyson,  1967,  p.  37:  Oliver  and  others, 
1967,  p.  1006)  , although  it  was  originally  assigned  to  the  (iatskill  Forma- 
tion by  Arndt  and  others  (1962).  The  Spechty  Kopf  is  given  formation 
rank  in  this  report  because: 

1.  The  rocks  in  the  unit  are  markedly  dissimilar  to  those  of  the  under- 
lying Catskill  Formation  and  partly  dissimilar  from  those  of  the  over- 
lying  Pocono  Formation. 

2.  The  unit  is  separated  from  the  underlying  Catskill  Formation  by 
an  unconformity  and  may  be  separated  from  the  overlying  Pocono 
Formation  by  an  unconformity. 

Lithologic  Component  1 

Lithologic  component  1 is  a gradational  sequence  of  polymictic  diamic- 
tite  (base),  pebbly  mudstone,  and  laminite.  The  sequence  is  156  feet 
thick  at  Jim  Thorpe  and  is  represented  by  units  30-47  in  measured 
section  18.  The  several  lithologies  apparently  thin  rapidly  along  bedding 
strike  away  from  the  Lehigh  River. 

The  basal  lithology  of  component  1 is  polymictic  diamictite,  called 
tilloid  in  Sevon  (1969a)  , a massive,  nonbedded,  unsorted  rock  which  is 
about  90  feet  thick  at  Jim  Thorpe.  The  rock  contains  particles  ranging 
in  size  from  clay  to  boulders,  and  in  thin  sections  (Figure  111)  silt  and 
sand  grains  “float”  in  a clay  matrix.  Rounded  to  well-rounded  pebbles 
and  cobbles  of  red  quartzite  and  white  quartz  up  to  4 inches  in  diameter 
are  common  in  the  diamictite,  and  a rounded  botdder  2 feet  in  diameter 
occurs  near  the  middle  of  the  diamictite  in  the  Jim  Thorpe  exposure. 
Pebbles  of  slate,  sandstone,  siltstone,  chert,  schist,  and  gneiss  occur  less 
frequently. 

The  fresh  rock  ranges  in  color  from  dark  gray  to  light-olive  gray, 
sometimes  mottled  with  grayish  red.  The  weathered  rock  has  a character- 
istic dark-yellowish-brown  or  brownish-gray  color.  In  natural  outcrops, 
the  diamictite  sometimes  has  poor  to  moderately  well  developed  slaty 
cleavage,  and  usually  weathers  by  spalling  to  produce  rounded  rock 
masses.  Float  from  this  lithology  is  not  common. 

The  basal  contact  of  the  diamictite  is  sharp.  At  the  Jim  Thorpe  expo- 
sure, the  diamictite  overlies  red  shale.  Other  outcrops  show  the  diamictite 
overlying  gray  sandstone.  The  iqrper  contact  is  gradational  upward 
through  several  feet  into  pebbly  mudstone. 

The  pebbly  mudstone  is  massive  and  structureless,  brownish  gray 
(5YR4/1)  to  medium-dark  gray  (N4) , and  ranges  in  dominant  grain  size 
from  clay  to  coarse-grained  silt.  Bedding  is  generally  absent  and  the  rock 
has  prominent  slaty  cleavage.  Sand  grains  and  rounded  pebbles  and 
cobbles  up  to  3 inches  in  diameter  are  scattered  throughout  the  mud- 
stone. The  lithologies  of  the  pebbles  and  cobbles  are  the  same  as  in  the 
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Figure  111.  Thin  section  of  polymictic  diamictite  from  lithologic  component  1 of  the 
Spechty  Kopf  Formation  at  Jim  Thorpe  (unit  30,  measured  section  18). 
Dark  material  is  clay;  light  particles  are  mainly  detrital  quartz.  Scale  is 
5 mm  long. 

underlying  diamictite,  but  they  are  not  as  abundant  in  the  mudstone  as 
in  the  diamictite.  This  unit  is  about  45  feet  thick  in  the  Jim  Thorpe 
exposure.  The  upper  10  feet  is  dominantly  greenish-gray  (5GY6/1)  shale. 

The  mudstone  grades  upward  into  71^4  feet  of  laminite  characterized 
by  clay  laminae  alternating  with  coarse-grained  silt  or  very  fine  grained 
sand  laminae.  The  laminae  vary  from  to  5 mm  in  thickness  and  are 
prominent  in  outcrop  because  of  variations  of  value  and  chroma  in  the 
light-olive-gray  hue  (5Y5/2  or  5Y6/1  or  5Y4/2) . The  coarse-grained 
laminae  show  both  normal  and  reverse  grading  and  often  have  scattered 
sand  grains  or  pebbles  up  to  1/2  inch  in  diameter  along  the  laminae  plane. 
Some  of  the  pebbles  have  a “dropped  in”  appearance.  The  laminite  at 
Jim  Thorpe  grades  upward  into  about  12  feet  of  coarse-grained  siltstone 
and  medium-grained  sandstone  which  may  have  load-cast  structures.  This 
contact  is  not  exposed  elsewhere  in  the  mapped  area.  The  sedimentology 
and  regional  distribution  of  these  three  lithologies  have  been  discussed 
elsewhere  by  Sevon  (1969b;  1969a  and  c;  1973b). 


Lithologic  Component  2 

Lithologic  component  2 includes  at  least  33  feet  of  hard,  planar- 
bedded,  well-sorted  white  quartzitic  sandstone  (measured  section  18,  unit 
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48) . Tlie  sandstone  is  broken  by  numerous  l^edding  planes,  some  of 
which  have  symmetrical  ripple  marks.  In  the  mapped  area  this  rock  is 
known  only  at  the  Jim  Thorpe  exposure.  To  the  north  this  sandstone 
forms  prominent  ledges  along  the  sides  of  the  Lehigh  River  gorge,  and 
contains  numerous  planar  beds,  symmetrical  ripple  marks,  and  some 
basal  load  casts.  The  rock  contrasts  with  adjacent  units  because  of  its 
high  quartz  content,  excellent  sorting,  and  planar  bedding.  The  sand- 
stone is  transitional  upward  into  lithologic  component  3. 

Lithologic  Component  3 

Lithologic  component  3 forms  the  remainder  of  the  formation  and  is 
about  330  feet  thick  at  Jim  Thorpe  (measured  section  18,  units  49-159)  . 
The  lithologies  present  in  the  component  vary  from  shale  to  coarse- 
grained sandstone  and  the  percentage  distribution  of  these  lithologies  in 
the  Jim  Thorpe  section  is  shown  in  Figure  112A. 

The  bulk  of  the  member  is  made  up  of  numerous  medium-light-giay 
(N6)  to  medium-dark-gray  (N4)  quartzitic  sandstone  beds  ranging  from 
a few  inches  to  over  20  feet  in  thickness.  The  sandstones  usually  have 
sharp  contacts,  but  sometimes  grade  upward  into  overlying  siltstones. 
About  60  percent  of  these  sandstones  are  fine  to  medium  grained  in  the 
Jim  Thorpe  section.  Thin,  dark-gray  .shale  chips  and  rounded  quartz 
grains  up  to  1 inch  long  occur  in  the  lower  part  of  some  sandstone  beds, 
but  are  not  abundant. 

The  sandstones  generally  have  poorly  defined  bedding  planes  except 
at  boundaries  w'ith  rocks  of  different  lithology.  Low-angle  tabular  cross- 
beds are  sometimes  present  but  not  abundant.  Some  sandstones  (i.e., 
measured  section  18,  units  89  and  104)  have  load-cast  structures  on  their 
basal  surfaces,  but  most  of  the  beds  have  sharp,  smooth  contacts.  Mica 
flakes  occur  on  some  bedding  planes  of  both  the  sandstones  and  inter- 
bedded  siltstones  but  are  generally  not  abundant. 

The  sandstones  are  interbedded  with  siltstones  which  vary  from  fine  to 
coarse  grained  and  from  dark  gray  (N5)  to  grayish  orange  (10YR7/4) 
and  moderate-yellowish  brown  (10YR5/4)  in  color.  These  siltstones  are 
generally  massive  and  structureless  and  are  mainly  in  beds  1 inch  to  6 
feet  thick,  although  thicker  beds  occur  in  the  upper  part  of  the  member 
(e.g.,  measured  section  18,  units  147  and  153;  31  and  8 feet  thick,  respec- 
tively) . Nothing  is  known  about  the  lateral  continuity  of  individual  beds 
in  the  mapped  area.  The  top  of  the  member  is  marked  by  light-olive-gray 
(5Y5/2)  siltstone  (measured  section  18,  unit  159)  which  has  an  irregular 
eroded  upper  surface.  No  fossils  or  plant  remains  were  noted  in  the 
rocks  of  this  member  in  the  mapped  area. 

Because  of  the  limited  exposure  and  areal  distribution  of  the  Spechty 
Kopf  in  the  mapped  area,  little  can  be  said  about  its  lateral  variation. 
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However,  work  in  adjacent  areas  indicates  considerable  thickness  varia- 
tion within  the  unit,  and  mapping  by  G.  H.  Wood,  Jr.,  (U.S.  Geol.  Sur- 
vey, personal  commun.,  1970)  on  Mauch  Chunk  Ridge  about  5 miles 
west  of  the  Lehigh  River  indicates  an  almost  complete  absence  of  the 
unit.  The  contact  between  the  Spechty  Kopf  and  the  underlying  Catskill 
Formation  appears  to  be  unconforniable,  and  the  origin  of  the  basal  part 
of  the  formation  suggested  by  Sevon  (1973b)  requires  an  unconformity. 

Evidence  for  an  angular  unconformity  at  the  top  of  the  Spechty  Kopf 
Formation  as  proposed  by  Trexler  and  others  (1961)  has  not  been 
observed  in  the  mapped  area.  However,  the  Spechty  Kopf-Pocono  contact 
is  exposed  only  along  the  railroad  track  at  Jim  Thorpe  and  the  existence 
of  such  an  unconformity  elsewhere  in  the  map  area  is  neither  confirmed 
nor  denied.  There  is  evidence  for  an  angular  unconformity  in  the  area 
northwest  of  Jim  Thorpe  on  Broad  Mountain  (G.H.  Wood,  Jr.,  U.S. 
Geol.  Survey,  personal  commun.,  1971)  ; thus,  an  angular  unconformity 
may  exist  in  the  map  area. 


Microscopic  Characteristics 

For  purposes  of  convenience,  the  microscopic  characteristics  of  the 
Spechty  Kopf  and  Pocono  Formations  are  treated  together. 

Thirty-one  thin  sections  of  Spechty  Kopf  and  Pocono  rocks  from  the 
Jim  Thorpe  exjtosure  were  prepared  and  examined.  Point  counts  were 
performed  on  17  of  these  thin  sections.  The  following  discussion  treats 
separately  several  of  the  distinct  lithologic  types. 

The  polymictic  diamictite  has  30  to  40  percent  matrix  composed 
mainly  of  minute  flakes  of  illite-sericite  and  some  microcrystalline  silica. 
The  clay  particles  often  appear  oriented  parallel  to  the  margins  of  larger 
detrital  grains  when  close  to  the  grains,  but  are  otherwise  randomly 
oriented.  Occasional  large  muscovite  flakes  occur.  The  remainder  of  the 
rock  is  composed  mainly  of  silt-  and  sand-sized  particles  which  float  in 
the  matrix  and  lack  point  contacts  (Figure  111).  Dominant  sizes  are 
very  fine  to  fine-grained  sand  with  small  amounts  of  finer  and  coarser 
sizes.  Particles  are  mainly  clean,  fresh,  angidar,  strained,  monocrystalline 
quartz  grains.  Some  chert,  siltstone,  quartzite,  limestone,  and  schist  par- 
ticles occur  as  large  rounded  sand  grains  or  small  rounded  pebbles.  Some 
scattered  micritic  calcite  occurs. 

1 he  pebbly  mudstone  has  variable  Cjuantities  of  matrix  and  silt  and 
very  fine  grained  sand  particles.  The  matrix  is  composed  of  minute 
illite-sericite  flakes  and  microcrystalline  silica  ranging  from  30  to  nearly 
100  percent  of  the  rock.  The  larger  particles  are  the  same  types  as  those 
occurring  in  the  diamictite,  but  are  present  in  .smaller  quantity  and 
concentrated  mainly  in  the  silt  sizes. 
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The  laniinite  contains  alternating  layers  ot  illite-scricite  clay  and 
microcrystalline  silica,  and  angidar  (jiiartz  silt  and  sand  grains.  The  silt 
layers  generally  have  some  intermixed  clay,  btit  the  clay  layers  generallv 
lack  silt  or  sand  grains.  The  components  ol  the  rock  apjrear  to  he  the 
same  as  those  ol  the  underlying  diamictite  and  pebby  mndstone. 

rhe  sandstone  ot  lithologic  component  2 is  essentially  a tjnart/ite.  The 
rock  is  a tightly  interlocked  mass  ol  monocrystallinc  (jiiartz  grains  and 
interstitial  fillings  ot  microcrystalline  and  mega  cpiartz.  .VIl  ot  the  cpiart/ 
is  strained.  The  original  detrital  grains  were  mainly  rounded  or  stdr- 
rounded,  but  secondary  silicification  has  obscured  most  ot  the  original 
margins.  1 he  rock  is  composed  mainly  ot  fine-grained  sand  with  very  little 
silt-sized  material.  A tew  siltstone  and  polycrystalline  cpiartz  grains  occur 
as  coarse  grains.  Contacts  between  grains  are  stittired  or  plane  and  inter- 
stitial areas  are  completely  filled  with  secondary  silica. 

The  remainder  ot  the  Spechty  Kopf  (lithologic  component  3)  and  all 
of  the  Pocono  Formation  is  represented  Iry  a variety  ot  sandstones  and 
conglomerates  which  are  very  similar  in  thin  section.  In  general,  the 
dominant  component  ot  these  rocks  is  cpiartz,  ot  which  about  70  percent 
is  monocrystalline  and  30  percent  is  polycrystalline.  Most  ot  this  quartz 
is  highly  strained.  Some  grains  ot  siltstone  and  chert  occur.  Most  ot  the 
rocks  have  moderate  sorting  and  have  grains  predominantly  in  tour  size 
classes:  two  ot  the  classes  have  nearly  equal  quantities  of  grains.  Con- 
glomeratic rocks  have  bimodal  size  distributions.  Most  sandstones  and 
conglomerates  contain  at  least  1 percent  clay  in  the  interstices  and  some 
contain  up  to  25  percent  clay.  As  the  amount  of  clay  increases,  the  giain 
boundary  definition  Increases  and  the  degree  of  induration  decreases. 
In  rocks  with  little  or  no  clay  material,  grain  boundaries  are  often 
sutured,  interstices  are  filled  with  .secondary  mega  cpiartz  or  microcry- 
stalline silica,  and  the  module  is  tightly  bound  together.  As  the  amount 
of  clay  increases,  continuous  grain  contacts  decrease,  suturing  decreases, 
and  secondary  silica  decreases.  Heavy  mineral  grains  are  rare  in  these 
rocks  and  no  feldspar  was  observed  in  any  thin  section  of  Pocono  rocks. 
Muscovite  flakes  occtir  in  many  slides  bnt  are  not  abundant. 

The  shales  and  siltstones  are  composed  of  illite-sericite  day,  micro- 
crystalline silica,  and  variable  amounts  of  angular,  moderately  strained 
quartz  silt  giains.  .Some  organic  material,  presumably  plant  fragments, 
occurs  in  these  fine-grained  rocks. 

Sedirnentology 

The  origin  of  the  Spechty  Kopf  rocks  has  been  treated  elsewhere  by 
Sevon  (1969a,  b,  and  c:  1973b)  and  is  only  reviewed  here.  The  dia- 
mictite sequence  at  the  liase  is  interpreted  as  snliatpieous  mudllow  de- 
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posits  which  occurred  after  marine  transgression  onto  the  underlying  | 
Catskill  alluvial  coastal  plain.  I’he  regional  distribution  of  the  diamictite  I 
(Sevon,  1969a:  1973b)  suggests  that  deposition  of  that  lithology  was  re- 
stricted to  drowned  alluvial  channels  which  were  deepened  by  erosion 
prior  to  drowning.  The  subaqueous  mudflows  may  have  resulted  from 
failure  and  plastic  flow  of  tmconsolidated  to  semiconsolidated  sediments 
along  the  margins  of  these  channels,  and  were  thus  initially  transverse 
to  the  general  depositional  slope.  Such  deposits  and  mechanisms  are 
reported  in  recent  submarine  canyons  by  Stanley  (1969,  p.  DJS-8-13-DJS- 
8-16)  and  similar  subacjueous  mudflow  deposits  are  discussed  by  Dorreen 
(1951,  p.  1830-31;  1834-38)  and  Scott  (1966,  p.  95).  These  mudflows  may 
also  have  originated  by  erosion  of  glacial  deposits  in  the  source  area 
(Sevon,  1973b).  I’he  overlying  pebbly  mudstone  into  which  the  diamictite 
grades  probably  represents  a mixture  of  normal  marine  suspension 
sedimentation  and  subaqueous  mudflow  activity  in  which  only  occasional 
pebbles  occur  as  clasts.  The  laminite  represents  material  possibly  de- 
posited in  a deltaic  distal  bar,  but  certainly  representing  shallowing  ■ 
water  and  increased  current  activity.  The  planar-bedded  sandstones 
represent  either  tidal-sand-flat  deposits  or  foreshore  deposits.  The  re- 
mainder of  the  Spechty  Kopf  comprises  a variety  of  rocks  which  may  ^ 
represent  several  marginal  marine  environments  in  which  sandstones 
with  low  bedding  inclinations  were  deposited.  The  shales  may  have 
formed  in  interdistributary  bays,  but  precise  environmental  definitions  I 
for  the.se  rocks  are  not  yet  certain.  The  setjtience  as  a whole  represents 
regression  following  pre-.Spechty  Kopf  transgression. 

Regionally,  a number  of  bay-like  transgressions  probably  occurred  be-  i 
tween  the  Lehigh  River  and  the  Susquehanna  River  to  the  southwest. 
Between  each  embayment  woidd  have  been  a nonmarine  area  in  which 
erosion  may  have  occurred  or  in  which  contemporaneous  tidal-flat  or 
fluvial  sedimentation  may  have  occurred. 

MISSISSIPPIAN 

Pocono  Formation 

The  Pocono  Formation  in  the  mapped  area  consists  of  821  feet  of  ^ 
conglomerates,  crossbedded  sandstones,  and  a few  siltstones.  The  forma- 
tion corresponds  to  lithologic  compotietit  4 previously  discussed  by  Sevon 
(1969a)  and  is  known  almost  totally  from  the  exposure  on  the  east  bank 
of  the  Lehigh  River  at  jitn  Thorpe  (measured  section  18)  . This  expositre 
has  been  recommended  as  the  type  section  of  the  Pocono  by  Leonard 
(1953)  and  Sevon  (1969a)  . The  unit  corresponds  both  lithologically  and 
by  boundary  dehnition  to  the  rocks  ttiapped  as  the  Beckville  and  Mt. 
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Carbon  Members  ot  the  Pocono  Formation  to  the  southwest  (Wood  and 
pthers,  1969;  Wood,  G.  H.,  Jr.,  U.S.  Geol.  Survey,  personal  commun.)  . 
These  members  cannot  be  diflerentiated  in  the  mapped  area.  'Fhe  base 
af  the  unit  is  marked  by  a massive,  mappable  conglomerate  and  the 
upper  contact  is  placed  at  the  first  occurrence  of  red  siltstone  of  the 
overlying  Mauch  Ghunk  Formation. 

The  formation  consists  predominantly  of  medium-grained  sandstone 
and  conglomerate  (Figure  112B).  The  sandstones  are  massive  and  struc- 
tureless, thinly  bedded  or  crossbedded.  The  crossbedding  ranges  from 
long-sweeping  wedges  with  tangential  bases  to  steep,  uniformly  thick 
planar  foreset  beds.  Many  ol  the  sandstones  contain  scattered  quartz 
pebbles  and  medium-giay  (N4)  shale  chips  up  to  1 i/o  inches  in  diameter, 
as  well  as  abundant  mica  flakes  on  bedding-plane  surfaces.  The  contacts 
of  the  sandstone  beds  are  usually  sharp  except  in  a few  beds  which  grade 
upward  into  an  overlying  conglomerate.  The  beds  vary  from  a few 
inches  to  32  feet  in  thickness  and  average  about  7 feet  in  thickness.  The 
sandstones  are  generally  quartzitic  in  texture,  light  gray  (N7) , and  often 
have  plant  debris  or  plant  impressions  on  bedding  surfaces. 

The  conglomerates  are  conqtosed  almost  exclusively  of  rounded,  white 
quartz  pebbles  as  large  as  3 inches  in  diameter,  with  i^-inch-diameter 
pebbles  most  common.  Some  chert,  sandstone,  tjuartzite,  and  shale  peb- 
bles also  occur,  but  they  are  not  abundant.  The  tjuartz  pebbles  comprise 
25  to  50  percent  of  most  conglomerates  in  the  member.  I’here  is  a pro- 
nounced bimodality  of  grain-size  distribution  in  the  conglomerates  with 
no  gradation  of  sizes  between  the  matrix  and  the  pebbles.  The  pebbles 
occur  in  a medium-  to  coarse-grained  sandstone  matrix.  The  conglomerates 
are  generally  white  in  apjtearance,  although  the  matrix  sometimes  has  a 
light-  to  medium-gray  coloration  when  fresh.  The  basal  conglomerate  of 
the  unit  (Figure  113)  is  17  feet  thick  at  the  Jim  Thorpe  exposure  and 
appears  to  be  very  persistent  in  the  mapped  area.  No  conglomerates 
occur  in  the  lOO-foot  interval  above  the  basal  conglomerate,  btit  the  next 
4()0-foot  interval  contains  frequent  conglomerates.  The  conglomerates 
vary  in  thickness  from  5 inches  to  50  feet.  An  average  thickness  is  mis- 
leading since  the  lower  274  feet  of  the  formation  is  dominated  by  3 
thick  conglomerate  beds  (17,  21,  and  50  feet  thick),  whereas  in  the 
remainder  of  the  unit  the  conglomerates  are  all  less  than  li/o  feet  thick. 
All  of  the  conglomerates  in  the  member  are  massive  and  well  indurated. 
The  basal  conglomerate  appears  to  be  the  only  laterally  persistent  unit 
in  the  formation. 

Siltstones  and  shales  form  a minor  part  of  the  member  and  are  thin, 
dark-gray,  discontinuous  units  which  usually  contain  abundant  jdant 
debris.  Nothing  is  known  abotit  their  lateral  persistence  in  the  mapped 
area. 
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Figure  112. 


Distribution  of  grain-size  modes  in  the  Spechty  Kopf  and  Pocono  Forma- 
tions in  measured  section  18  at  Jim  Thorpe,  Pennsylvania.  A.  Spechty 
Kopf  Formation;  B.  Pocono  Formation. 
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At  the  top  of  the  Pocono  Formation  there  is  a zone  of  interbedded  red 
siltstones  and  gray  sandstones.  This  zone  forms  a transition  between  the 
Pocono  and  Mauch  Chunk  Formations.  The  top  of  the  Pocono  is  placed 
at  the  base  of  tlie  first  red  siltstone. 
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Figure  113.  Basal  conglomerate  of  the  upper  member  of  the  Pocono  Formation.  Out- 
crop is  on  crest  of  Pocono  Mountain  about  13^2  miles  north  of  the  Bear 
Mountain  lookout  tower. 


Sedirnentology 

The  origin  of  the  Pocono  rocks  has  been  briefly  treated  by  Sevon 
(1969a) . I'he  lithologies  and  bed  forms  appear  to  indicate  a fluvial 
origin,  as  previously  assumed  by  most  workers  (e.g.,  Pelletier,  1958). 

Mauch  Chunk  Fnrmation 

The  Afatich  Chunk  P’ormation  occurs  only  in  the  northwestern  part 
of  the  mapped  area  and  is  made  up  ol  abotit  1,700  feet  of  grayish-red 
;(5R4/2)  and  grayish-red-purple  (5RP4/2)  siltstones  and  sandstones  in 
the  lower  part  and  about  500  feet  of  interbedded  red  siltstones  and  gray 
sandstones  and  conglomerates  in  the  upper  part.  The  formation  is  best 
exposed  on  the  west  side  of  U.S.  Route  209  immediately  north  of  Jim 
Thorpe  and  along  the  Lehigh  Valley  Railroad  track  which  occurs  below 
the  level  of  U.S.  Route  209  on  the  west  side  of  the  Lehigh  River.  This 
excellent  exposure  is  the  type  locality  of  the  formation  and  is  described 
in  meastired  section  19.  The  basal  contact  of  the  unit  with  the  underly- 
ing Pocono  Formation  is  best  exposed  along  the  railroad  track  on  the 
east  side  of  the  Lehigh  River  at  Jim  Thorpe  and  is  described  in  measured 
section  18.  Part  of  the  upper  transition  into  the  overlying  Pottsville 
Formation  is  exposed  along  the  west  side  of  U.S.  Route  209  about  one- 
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half  mile  north  of  the  bridge  over  the  Lehigh  River  at  Jim  Thorpe  and 
is  described  in  measured  section  20.  Scattered  outcrops  of  the  formation 
also  occur  within  the  town  of  Jim  Thorpe  and  in  some  stream  cuts,  but, 
except  for  the  above-mentioned  sections,  Mauch  Chunk  outcrops  are  not 
abundant  in  the  mapped  area. 

The  Mauch  Chunk  Formation  is  lithologically  a much  weaker  unit 
than  either  the  underlying  Pocono  Formation  or  the  overlying  Pottsville 
Formation.  This  weakness  and  the  synclinal  structure  in  the  Jim  Thorpe 
area  have  aided  erosion,  with  the  result  that  the  Mauch  Chunk  occurs 
only  in  valleys  in  the  mapped  area. 

The  Mauch  Chunk  consists  almost  entirely  of  siltstones  and  sandstones 
with  thin  shale  beds  and  two  conglomerate  beds  (measured  section  19, 
units  31  and  68) . The  distribution  of  grain  sizes  within  the  formation  at 
the  type  locality  (measured  section  19)  is  shown  in  Figure  114.  The 
formation  is  dominated  by  grain  sizes  between  medium-grained  silt  and 
fine-grained  sand.  Color  is  closely  related  to  the  grain  size  in  that  grayish- 
red  (5R4/2)  colors  occur  almost  without  exception  only  in  beds  of 
medium-grained  siltstone  or  finer  grained  beds,  whereas  grayish-red- 
purple  (5RP4/2)  colors  occur  only  in  beds  of  coarse-grained  siltstone  or 
coarser  grained  beds.  Although  most  of  the  beds  are  composed  of  one 
dominant  grain  size,  numerous  beds  (e.g.,  measured  section  19,  unit  61) 
have  fining-upward  sequences. 

A distinct  coarse  zone  has  its  base  about  425  feet  above  the  base  of 
the  formation  (measured  section  19,  units  79-100).  This  zone  is  242  feet 


liicl 


\'d 


f® 


KCl 


ffi 


(til 

tai 

ffli 

m 

,.P 
la 
m 
lac 
(ol 
lio: 
ike 
; lie 
litl 

13 

1 

dis 


Figure  114. 


Distribution  of  grain-size  modes  in  the  Mauch  Chunk  Formation  at  the  K] 
type  section  (measured  section  19)  at  Jim  Thorpe,  Pennsylvania.  cit 
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;l  thick  and  is  composed  of  213  feet  ot  very  fine  grained  sandstone  and 
M 29  feet  of  fine-grained  sandstone.  The  zone  contains  some  of  the  most 
massive  beds  in  the  section  and  the  only  bed  (measured  section  19,  unit 
‘ 84)  in  the  main  part  of  the  iormation  which  is  gray  in  color  rather  than 

grayish  red  or  grayish-red  purple.  It  is  not  known  whether  this  sandstone 
persists  laterally. 

i Bedding  is  variable  witbin  the  Iormation;  Iteds  range  Irom  less  than  1 
inch  to  several  feet  in  thickness.  Many  ajiparently  massive  beds  are  com- 
posed of  thinner  parallel-sided  beds  which  become  visible  when  weath- 
ered. Most  beds  are  parallel  sided  and  have  sharp  contacts,  but  beds 

' > occurring  in  channels  are  generally  wedge  shaped. 

' Channels  are  common  in  the  Mauch  Chunk,  although  they  are  seldom 
1!  seen  except  in  good  exposures  such  as  at  the  type  locality.  The  channels 
[ occurring  in  the  type  section  have  smooth,  curved  shapes  and  range  in 
I size  from  1.66  feet  wide  and  0.58  foot  deep  (measured  section  19,  unit  1 14) 

' to  over  50  feet  w-ide  and  23  feet  deep  (measured  section  19,  units  165- 
I 166).  The  material  filling  the  channels  is  usually  the  same  as  that  into 
■ which  the  channel  is  cut  or  is  slightly  finer  grained.  The  wedge-shaped 
; i beds  and  the  smooth  plane  of  the  channel  are  the  main  indicators  of 
fi!  the  channel. 

A characteristic  feature  of  the  Mauch  Chunk  Formation  is  the  occur- 
rence of  numerous  concentrations  of  limestone  masses  which  are  white 
!:!  or  white  tinted  with  grayish  red.  These  masses  occur  as  (1)  irregidarly 
1 shaped  nodules  uj)  to  2 inches  in  diameter  which  are  more  or  less  con- 
centrated in  zones  or  laterally  nonpersistent  beds,  (2)  as  chaotic  concen- 
trations of  small  nodules  or  flakes,  less  than  i/^  inch  in  diameter,  which 
I sometimes  occur  in  channel-like  beds  and  may  represent  channel  fills, 
and  (3)  as  more  or  less  continuous  bands  which  vary  in  thickness  and 
generally  are  less  than  2 inches  thick.  Zones  containing  these  limestone 
I ma,sses  generally  have  some  calcareous  cement.  Weathering  of  the  cal- 
careous  material  produces  jjitted  or  pock-marked  surfaces  on  many  rock 
' faces;  fresh  exposures  of  the  material  have  visual  impact  because  of  the 
{ color  contrast.  I'he  first  occurrence  of  the  limestone  masses  in  the  type  sec- 

ii  tion  is  in  unit  25  (measured  section  19),  about  175  feet  above  the  base  of 
the  formation.  The  zones  of  limestone  masses  are  scattered  throughout  the 
Mauch  Chunk  and  have  no  apparent  association  with  any  particular 

i lithology  or  horizon.  However,  a zone  647  feet  thick  occurs  betweeti  units 
75  and  132  (measured  section  19)  which,  except  for  a few  small  flakes  in 
I:  unit  88,  has  no  calcareous  material.  This  interval  includes  the  pre\iously 
1 discussed  sandstone  zone. 

A variety  of  sedimentary  structures  have  been  observed  in  the  rocks 
exposed  at  the  type  locality  (measured  section  19)  . The  structures  in- 
! elude;  crossbedding  and  parallel  laminae  (e.g.,  units  16  and  81)  , sandstone 
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dikes  (unit  29)  , animal  buiiows  (e.g.,  unit  45)  , asymmetrical  ripple 
marks  (e.g.,  unit  91)  and  symmetrical  ripple  marks  (e.g.,  unit  93),  trails 
and  mud  cracks  (unit  IIH),  and  a flow  structure  (unit  148). 

.\notlier  characteristic  of  the  Mauch  Cihunk  Formation  is  the  transi- 
tional and  interl)eddetl  nature  of  both  the  lower  and  upper  contacts. 
Units  1 to  (i  in  the  type  locality  (measured  section  19)  jnobably  represent 
the  uppermost  part  of  the  basal  transition  from  the  underlying  Pocono 
Formation  and  the  lower  |xu  t of  the  transition  is  exjjosed  in  units  238 
to  260  (measuretl  section  18).  I hese  sections  show  a number  of  inter- 
bedded  olive-gray  to  yellowish-gray  sandstones  typical  of  the  Pocono 
Formation  interbedded  with  grayish-red  siltstones  and  shales  typical  of 
the  Mauch  Cihunk  Formtition.  No  unusual  or  erosional  contacts  have 
been  observed  and  it  is  assumed  that  the  contact  between  the  two  forma- 
tions does  not  represent  any  sedimentation  break.  For  mapping  purposes 
and  in  keeping  with  the  practice  of  previous  workers  in  the  area,  the 
actual  Mauch  (ihunk  base  is  [dated  at  the  lowest  red  bed,  but  it  is  not 
known  whether  the  lowest  red  bed  is  re|jrcsented  in  either  of  the  sections 
mentioned  above. 

Fhe  upjter  contact  is  also  a transition  /one,  atid,  according  to  Klemic 
and  others  (1963,  jj.  44-48),  is  about  500  feet  thick.  \ detailed  log  of 
this  transition  /one  is  presented  by  Cxault  and  others  (1957).  Very  few 
rocks  of  this  /one  crop  out  in  the  Lehighton  ([uadrangle,  and  the  only 
described  .secjucnce  is  jjiesented  in  measured  section  20.  It  is  probable 
that  unit  4 of  this  section  corresponds  with  the  lowermost  conglomerate 
in  the  section  ol  Cfault  and  erthers  (1957)  and  thus  represents  the  base  of 
the  transition  /one.  Fhe  /one  consists  of  a series  of  red  siltstones  and 
shales  interbedded  with  gray  sandstones  and  conglomerates.  There  is 
jjiccedence  in  the  literature  lor  inclusion  ol  this  transition  zone  in  either 
the  Mauch  (4umk  or  the  overlying  Pottsville  Formation.  Although, 
sedimentologically,  the  first  occurrence  ol  a new  lithology  is  the  most 
significant  aspect  of  the  rock  sequence,  the  maj/pability  of  the  last  occur- 
rence of  a red  bed  warrants  the  imlusion  of  the  transition  /one  in  the 
Mauch  (ihunk  Formation.  This  procedure  also  maintains  a unified 
character  tor  the  Mauch  (ihunk  as  a dominantly  red  unit  occurring  be- 
tween two  nonred  units. 

No  fossils  were  observed  in  the  Mauch  Chunk  Formation  during  the 
present  investigation  except  lor  some  probable  log  imjtressions. 

Micro  .s  CO p i c C h II  ra  c t c ri.s  I i c.s 

Fourteen  thin  sections  of  the  Mauch  Chunk  Formation  were  examined. 
Fwo  of  these  sections  were  of  limestones,  6 were  of  very  fine  to  fine- 
grained sandstones,  3 were  of  medium-  to  coarse-grained  siltstones,  and 
3 were  mixtures  of  coaixe-grained  silt  and  \ery  fine  grained  sand. 
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Several  generalities  may  be  made  coneerning  the  siltstones  and  sand- 
stones oi  the  setjnencc.  d'he  red  color  of  the  loiination  is  dericed  Irom 
abundant  limonite-hematite  in  the  rock.  I his  occurs  most  lietjuenth  as 
coatiirgs  on  tdniost  eveiy  silt  oi  sand  giain,  less  Irecjuently  as  inteistitial 
filling,  and  only  occasionally  as  discrete  giains.  1 he  amount  of  iion 
rarely  exceeds  1 to  2 percent  ol  the  rock. 

Micaceous  matrix  occins  in  all  ol  the  thin  sections  examined  in 
amounts  ranging  tiom  I to  about  SO  percent.  I he  micaceous  matiix  is 
mainly  muscovite,  but  some  illite-sei  icite  also  occurs.  Ibis  matrix  occurs 
as  interstitial  filling  and  (occasionally  as  grain  coatings.  .Much  ol  this 
micaceous  mateiial  is  intermixed  with  secondary  silicti  derived  Ircom 
dissolution  ol  nearby  grains.  I.aige  muscocite  and  Iricotite  flakes  occur  in 
all  of  the  slides. 

■Angular,  strained,  monocrystalline  cjuart/  forms  the  main  part  of  the 
particulate  fraction  of  the  rocks,  d he  maigins  ol  the  grains  aie  generallv 
not  etched  and  no  sutured  contacts  weie  obsei  vecl.  The  pai  ticulate  Irac- 
tion  of  all  the  thin  sections  examined  is  moderately  well  sorted  and 
generally  restricted  to  3 or  1 si/e  classes.  A tew  chert  and  siltstone  grains 
occur  in  the  coarser  sizes.  I'winnecl  feldspar  grains  also  occur  in  the 
secjuence  and  appear  to  become  larger  and  mote  abundant  in  the  upper 
part.  .Some  of  the  feldspar  grains  are  very  fresh,  some  are  partly  sericit- 
i/ecl,  and  all  are  angidar.  few  hea\y  mineral  grains  such  as  touiinaline. 
zircon,  and  garnet  occur  in  most  thin  sections. 

(lalcite  occurs  as  discrete,  isolated  masses  of  sparite  scattered  thiough- 
out  some  of  the  formation;  the  masses  ate  often  larger  than  the  dominant 
grain  size  of  the  eticiosing  rock. 

d he  limestone  nodules  ate  conijjosecl  ol  a very  uniloiin  mass  ol  mici  itic 
calcite,  traversed  by  occasional  sparite  seams  and  rate  stxlolites.  T hese 
limestones  appear  to  be  totally  xoicl  ol  internal  impurities. 

Sediment  ology 

Barrel!  (1907)  attrilruted  the  Mauch  (Ihunk  locks  to  deposition  on  a 
Itroad  deltaic  alluvial  plain  and  discussed  the  \ariety  ol  sulraerial  sedi- 
mentary structures  present  in  the  unit.  More  recently  Hocjue  (lOOS) 
assigned  fluvial  and  marine  origins  to  parts  of  the  Mauch  Clhunk  in  south- 
central and  southwestern  Pennsylvania.  Pre\  ions  sedimentologic  work  on 
the  Mauch  Clhunk  in  the  mapped  area  is  nonexistent  and  jrresent  intei- 
pretations  draw  on  knowledge  ol  Mauch  (Tnmk  rocks  from  adjacent 
areas  as  well  as  the  mapped  area.  T he  Mauch  Clhunk  is  characterized  liy 
within-bed  grain-size  uniformity,  lateral  Ited  continuity,  varialtle  Itecl 
thickness,  planar  Iretlding,  subaerial  sedimentary  structures,  channels, 
calcareous  zones  and  limestone  layers,  and  red  color.  Most  of  these 
features  can  result  from  deposition  in  an  alluvial  system  and  the  .Manch 
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Chunk  rocks  resemble  those  described  by  Way  (1968)  as  fluvial  in  origin. 
However,  the  apparent  lack  of  fining-upward  cycles,  the  extensive  lateral 
continuity  of  the  beds,  and  the  occurrence  of  limestone  layers  are  not 
adequately  explained  by  any  of  the  alluvial  facies  models  suggested  by 
Allen  (1964,  p.  163-167).  The  limestones  may  have  formed  in  shallow 
freshwater  ponds  on  an  alluvial  floodplain  surface,  whereas  the  matrix 
calcite  may  have  formed  by  evaporation  of  water  in  the  upper  part  of 
the  ground-water  table.  Similar  carbonate  occurrences  are  reported  by 
Friend  and  Moody-Stuart  (1970). 

PENNSYLVANIAN 

Pottsville  Formation 

Although  the  Pottsville  Formation  represents  the  youngest  rocks  occur- 
ring in  the  mapped  area,  these  rocks  are  not  exposed  within  the  limits  of 
the  area.  The  contact  shown  on  the  geologic  map  (Plate  1)  represents 
an  interpretation  based  on  outcrops  west  of  the  Lehighton  quadrangle, 
areal  photographs,  and  the  map  of  Klemic  and  others  (1963) . The 
total  thickness  of  Pottsville  rocks  in  the  Lehighton  quadrangle  is  not 
known,  but  probably  does  not  exceed  a few  hundred  feet. 

I’he  outcrops  to  the  west  and  some  float  material  in  the  Lehighton 
quadrangle  suggest  that  the  main  Pottsville  rocks  occurring  in  the 
mapped  area  are  conglomerates  and  micaceous  sandstones.  The  con- 
glomerates are  white  and  comprise  rounded  to  subangular  quartz  pebbles 
up  to  2 inches  in  diameter  set  in  a medium-  to  coarse-grained,  quartz 
sand  matrix.  These  conglomerates  range  from  nearly  quartzitic  to  moder- 
ately indurated.  The  sandstones  are  gray,  highly  micaceous,  and  range 
from  fine  to  coarse  grained.  No  information  is  available  about  the 
amount,  thickness,  or  detailed  nature  of  these  rocks  in  the  mapped  area. 

For  more  information  on  these  rocks  as  they  appear  to  the  west  of  the 
mapped  area,  the  reader  is  referred  to  Klemic  and  others  (1963)  and 
Smith  (1895). 


QUATERNARY 

Surficial  deposits  in  the  mapped  area  include  glacial  till  and  outwash, 
periglacial  shale-chip  rubble  and  boulder  fields,  colluvial  and  talus  de- 
posits, stream  alluvium  and  floodplain  deposits,  landslide  deposits,  and 
man-made  dumps.  The  distribution  of  these  materials  is  shown  on 
Plate  2 and  their  boundaries  are  also  shown  on  Plate  1.  The  boundaries 
of  these  deposits  generally  are  not  as  accurately  located  as  the  underlying 
rock-unit  boundaries  because  (1)  the  time  necessary  for  precise  mapping 
of  many  of  the  deposits  woidd  have  been  greater  than  was  deemed  prac- 
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! tical  for  the  iiiiportaiice  of  the  deposits,  and  (2)  many  ol  tlie  deposits,  in 
' particular  the  glacial  till,  are  thin  and  difficult  to  map  because  ol  surtace 
i creep  and  land  alteration  by  man. 

I Surficial  deposits  south  of  Stony  and  Chestnut  Ridges  were  mapped  by 
i J.  B.  Epstein:  those  north  ol  the  ridges  by  W.  D.  Sevon.  The  following 
I discussion  of  the  deposits  is  similarly  divided  where  appropriate. 

Pleistocene 

There  have  been  at  least  three  major  advances  of  glacial  ice  into 
Pennsylvania  (Leverett,  1934).  In  the  Lehighton  and  Palmerton  cjuad- 
rangles,  south  of  Stony  and  Chestnut  Ridges,  there  is  evidence  for  at  least 
: three  and  possibly  four  separate  periods  of  glaciation.  There  are  (1) 

: outwash  gravels  of  Wisconsinan  age,  (2)  till  and  outwash  ol  probable 
lllinoian  age,  (3)  stratified  drift  and  underlying  till  that  is  older  than  the 
probable  lllinoian  deposits  and  may  be  either  early  lllinoian  in  age  or 
i possibly  Kansan,  and  (4)  rare  high-level  gravels  that  may  be  outwash  of 
: an  even  older  glaciation.  Ehe  pre-Wisconsinan  glacial  history  is  appar- 
1 ently  cjuite  complex  and  crucial  details  are  beyond  the  scope  of  this  study. 

' The  data  and  interpretations  are  presented,  however,  to  stimidate  future 
. detailed  study. 

4 he  limit  of  Wisconsinan  drift  is  shown  in  Figure  1,  and  in  Gray  and 
others  (1960) . The  Wisconsinan  terminal  moraine  enters  eastern  Pennsyl- 
vania about  21  miles  east  of  the  Palmerton  tjuadrangle  near  Belvidere, 
New  Jersey,  on  the  Delaware  River.  It  swings  northwestward  for  20  miles 
: to  near  Tannersville,  Pennsylvania,  and  then  heads  westward,  lying  about 
10-13  miles  north  of  the  Palmerton  cjuadrangle.  Wisconsinan  outwash  ex- 
tends down  some  of  the  major  tributaries  and  trunk  streams  into  the 
mapped  area. 

i Pre-Wisconsinan  drift  in  eastern  Pennsylvania  extends  for  several  miles 
south  of  the  Wisconsinan  moraine,  but  its  distribution  is  not  completely 
1 known  in  eastern  Pennsylvania,  especially  north  of  Blue  Mountain.  It  is 
! distinguished  from  the  younger  drift  by  its  deeper  weathering,  redder 
!■  color,  general  lack  of  constructional  topography,  and  by  its  mineralogy 
: and  texture. 

The  textural  and  mineralogical  makeup  of  many  of  these  deposits  was 
'.  determined  by  grain-size  analysis  (Table  9)  and  X-ray  diflraction  studies. 

■i  Pre-Illinoian{?)  Till 

. Till  believed  to  be  older  than  lllinoian  (?)  till,  because  it  underlies 
i|  stratified  drift  that  is  older  than  lllinoian  (?)  otitwash,  is  exposed  1 mile 
Q!  north  of  Walnutport  (Figure  115)  (sample  locality  13,  Plate  2).  .\t  least 
f 8 feet  of  the  till  is  exposed  here.  It  is  compact,  poorly  sorted  (So  = 7.2, 
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Figure  115.  Pre-lllinoian(?)  till  and  stratified  drift  exposed  in  lot  behind  house  1 mile 
north  of  Walnutport,  sample  locality  13,  Plate  2.  The  boulders  in  the  fore- 
ground are  erratics  from  the  till  and  are  as  much  as  5 feet  long,  and  some 
are  partly  faceted  and  striated.  They  were  derived  from  the  Shawangunk 
Formation  at  least  1.2  miles  to  the  north.  View  looking  south.  Stratified 
drift  thickens  to  the  right  in  the  direction  of  the  Lehigh  River. 


Tables  10  and  11),  and  unstratified.  Partly  faceted  and  striated  boulders 
of  Shawangunk  Formation  are  abundant  and  are  as  much  as  5 feet  long. 
These  are  in  a moderate-brown  (7..5YR4/4  when  wet)  to  light-yellowish- 
brown  (10YR6/4  w4ien  dry)  pebbly  muddy  fine  sand  matrix  (Table  9, 
sample  14) . The  matrix  appears  to  be  muddier  than  younger  Illinoian  (?) 
till  (Figure  132)  and  has  weathering  characteristics  similar  to  Illinoian(?) 
till  described  below.  This  till  coidd  not  be  mapped  separately  from  the 
younger  till.  It  may  be  widespread  in  the  Lehighton  and  Palmerton 
quadrangles.  Chlorite  was  not  found  in  the  clay-mineral  fraction,  but 
kaolinite  and  vermicidite  were  (Table  12)  , indicating  prolonged  weather- 
ing. The  exact  age  of  this  till  is  uncertain;  it  may  be  an  earlier  Illinoian 
tleposit  (tw'o  Illinoian  phases  were  described  by  Shepps  and  others,  19.59, 
in  northwestern  Pennsylvania)  or  pre-Illinoian  (Kansan?). 
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Pre-IlUnoian(?)  Outivash  (?) 

About  9 leet  ot  rubified  horizontally  stratified  sand  and  gravel  overlies 
the  till  described  above  (Figure  115).  The  deposit  is  coarser  at  the  bot- 
tom. The  basal  bed  is  0-6  feet  thick  (thickens  to  the  west,  i.e.,  to  the 
right  in  Figure  115)  and  consists  ot  moderate-brown  (5YR4/6)  cobbly 
medium  to  very  coarse  sand.  Cobbles  are  subrounded  to  well  rounded 
and  as  much  as  10  inches  long.  This  deposit  is  overlain  by  10  inches  of 
moderate-brown  (5YR4/6)  to  light-brown  (5YR5/6)  pebbly  medium  to 
coarse  sand  containing  rounded  pebbles  as  much  as  i/,  inch  long  and 
grades  up  into  2.5  to  5 feet  ot  light-browm  (5YR5/6)  to  dark-orange 
(5YR5/7)  finely  bedded  medium  to  coarse  sand.  A channel  sample 
through  the  three  units  of  the  strati hed  drift  shows  that  the  dejiosit  is  a 
pebbly  muddy  sand  (sample  14,  Table  9 and  Figure  133) . Much  ot  the 
material  falls  in  the  fine  and  very  fine  sand  modes  (sample  14,  Figure  132). 

The  deposit  is  exposed  only  on  the  east  side  of  the  Lehigh  River  valley 
in  the  small  area  shown  on  Plate  2.  It  is  possibly  present  elsewhere  in 
the  valley  under  cover,  and  is  probably  the  remnant  of  a terrace  about 
130  feet  above  the  present  Lehigh  River  (Figure  116).  The  deposit  is 
distinctly  redder  than  the  younger  Ilhnoian(?)  outwash,  due  to  more 
prolonged  weathering  and  oxidation,  and  lies  at  a higher  altitude.  It  is, 
therefore,  older  than  the  Illinoian(?) . As  with  the  pre-Illinoian(?)  till 
described  previously,  its  exact  age  is  speculative.  This  stratified  deposit 
may  be  either  glacial  outwash  or  an  interglacial  fluvial  deposit.  Because 
some  cobbles  are  10  inches  long,  recphring  transportation  by  rather 
strong  stream  currents,  the  deposit  may  be  an  outwash. 

A few  rounded  cobbles  of  sandstone,  probably  derived  from  the  Catskill 
Formation,  were  found  at  an  altitude  of  590  feet  (about  220  feet  above 
the  present  Lehigh  River)  in  Lehigh  Gap.  How  much  higher  they  once 
may  have  extended  is  not  known.  These  are  probably  remnant  gravels 
of  an  outwash  terrace  (Figure  116)  that  is  even  older  than  the  pre- 
Illinoian(?)  stratified  drift.  The  age  is  unknown. 

llUnoian(?)  Till  South  of  Stony  and  Chestnut  Ridges 

lllinoian(?)  till  is  widespread  as  a thin  to  moderately  thick  blanket 
over  most  of  the  terrain  south  of  Blue  Mountain.  On  Plate  2.  this  unit 
includes  some  older  till  horn  which  it  was  not  diflerentiated  (see  discus- 
sion of  pre-Illinoian(?)  till,  above)  . No  till  was  recognized  in  the  valleys 
of  Lizard  or  Acjuashicola  Creeks  north  of  Bltie  Mountain.  The  till  is 
best  exposed  in  slate  (piarries  where  it  caps  bedrock  of  the  Martinsburg 
Formation.  It  is  generally  10-20  feet  thick,  but  locally  more  than  25  feet 
thick.  The  till  is  compact  and  quite  silty  and  clayey  (see  Figure  132, 
samples  10-12);  samples  are  generally  muddy  gravels  (Figure  133).  Boul- 
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Figure  116.  Reconstructed  profile  of  outwash  terraces  along  Aquashicola  Creek  and  Lehigh  River  in  the  Palmerton  nuadrannie 
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ders  are  abundant  and  may  make  up  5-10  percent  ol  some  deposits.  1 hey 
are  generally  fragments  from  the  .Shawangunk  Formation,  hnt  some  were 
derived  from  Midtile  Devonian  and  yotmger  rocks.  Botdders  may  reach 
8 feet  in  length;  rare  erratics  are  as  much  as  20  feet  long.  The  larger 
boulders  are  generally  stihangidar;  the  smaller  ones  are  sidarounded. 
Glacial  striae  were  seen  on  many.  Weathering  rinds  (generally  grayish- 
orange,  10YR7/4)  on  sandstones  may  he  more  than  3 inches  thick.  .Some 
6-inch-long  cobbles  are  weathered  throtighotit.  These  sandstones  are 
broken  only  slightly  more  easily  wdth  a hammer  than  unweathered  rocks. 
Weathered  reddish  and  orangish  slate  chips  from  the  underlying  Mar- 
tinsburg  Formation  are  common.  No  limestone  fragments  were  seen. 
Chert  is  generally  leached  white  (N9)  to  light  gray  (N7)  . No  fresh  un- 
leached till  was  found,  even  in  exposures  more  than  20  feet  deep.  The 
weathered  till  is  moderate  brown  (5YR4/4)  and  light  brown  (5YR5/6) 
to  moderate-yellowish  brown  (l()YR5/4)  to  dark-yellowish  orange 
(10YR6/6)  , but  some  is  moderate-reddish  brown  (10R4/6).  The  till  is 
very  poorly  sorted  (see  Table  10);  the  average  coefficient  of  sorting  of 
three  samples  is  44  (Table  11) . 

The  clay-sized  minerals  in  the  Illinoian(r')  till  include  abundant 
kaolinite  and  vermicidite,  as  well  as  quartz  and  illite.  Chlorite  is  minor 
(Table  12) . 

This  till  is  distinctly  more  weatheretl  than  Wisconsinan  till  to  the  north- 
east (see  Epstein,  1969)  and  is  distingtiished  from  the  younger  till  by  (1)  its 
deeper  weathering  and  color,  (2)  lack  of  limestone  fragments,  (3)  leach- 
ing of  chert,  (4)  lack  of  constructional  topography,  and  (5)  clay  min- 
eralogy (vermiculite  and  kaolinite,  prothicts  of  prolonged  weathering,  are 
not  common  in  Wisconsinan  till)  . 

Leverett  (1928)  established  that  the  “extramorainic  fringe”  deposits 
of  earlier  workers  in  eastern  Pennsylvania  were  older  than  Wisconsinan, 
a view  held  earlier  by  Salisbury  (1892)  in  New  Jersey.  Leverett  (1934) 
included  the  area  of  the  Lehighton  and  Pahnerton  quadrangles  in  a map 
of  Pennsylvania  showing  the  limit  of  Illinoian  and  pre-Illinoian  drift 
sheets.  Ashley  (1938)  believed  that  some  of  the  drift  mapped  as  Illinoian 
by  Leverett  may  be  early  Wisconsinan  in  age.  These  deposits  are  referred 
to  as  Illinoian(?)  in  this  report,  because  of  the  lack  of  definite  correlation 
with  the  type  Illinoian  of  the  Mississippi  Valley. 

The  Illinoian(?)  till  is  difficult  to  distinguish  from  colluvium  that  lies 
on  slopes  below  talus  along  the  sonth  slope  of  Blue  Mountain.  The 
colluvium  weathers  to  the  same  colors  as  the  till  and  contains  similar 
gray  sandstone  and  red  beds  derived  from  the  .Shawangunk  on  the  moun- 
tain. Exposures  of  the  colluvium  are  ]X)or.  Eor  this  reason,  there  may  be 
considerable  colluvium  mapped  with  the  Illinoian(?)  till  shown  on 
Plate  2. 
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IUinoiayi{?)  Till  North  of  Stony  arid  Chestnut  Ridges 

riiin  deposits  ol  reddish  Illinoian(?)  glacial  till  occur  in  the  northern  ' 
third  ot  the  Lehighton  quadrangle  and  the  northwestern  corner  of  the  ; 
Pahnerton  quadrangle.  In  some  places  the  deposits  comprise  only  a few 
erratic  boulders  and  some  reddish  clayey  soil.  A detectable  topographic 
irregularity  one  mile  southwest  of  the  northeast  corner  of  the  Lehighton 
quadrangle  may  be  moraine  tojiography.  Elsewhere  original  topographic 
expression  of  moraines  has  been  eroded. ^ The  thickness  of  these  deposits 
is  variable  and  is  probably  less  than  10  feet  in  almost  all  areas  except  near 
Walcksville  and  near  the  Belt/ville  Dam.  A thickness  of  15  feet  in  the 
Walcksville  area  was  observed  during  exploration  for  the  Northeast 
Extension  of  the  Pennsylvania  Turnpike. 

No  fl-esh,  unweathered  lllinoian(?)  till  has  been  found  in  the  mapped 
area.  The  weathered  till  is  a light-brown  (5YR5/6)  to  moderate-reddish- 
brown  (10YR4/6),  cohesive,  unsorted  mixture  of  clay,  silt,  sand,  pebbles 
and  boidders.  The  pebbles  range  from  rounded  to  angular  and  are  from 
locally  derived  shales,  sandstones,  and  conglomerates.  The  boulders  are 
generally  hard  cjuartzitic  conglomerates  derived  from  the  Catskill  Forma- 
tion, generally  the  Duncannon  Member.  The  pebbles  and  cobbles  have  a 
weathering  rind  several  millimeters  thick  or  are  weathered  throughout. 

T he  till  contains  abundant  clay,  and  the  material  is  often  brick  hard 
when  dry.  This  till  was  used  as  impermeable  core  for  the  Beltzville  Dam. 

Deeply  weathered  clay-rich  till  is  exposed  in  a roadside  borrow  pit  on 
the  west  edge  of  Lehighton  (measured  section  21)  . A semiquantitative 
X-ray  analysis  (performed  by  mineralogists  of  the  Pennsylvania  Geo- 
logical Survey)  of  clay-sized  material  from  this  exposure  shows  the 


following: 

Chlorite-veriniciilite-inontmovilloaite  9 percent 

Muscovite 

Kaolinite  0 

Quartz  52 

Feldspar  Trace 


Recognition  of  the  till  is  difficult  in  some  places  because  most  of  it 
has  been  removed  by  erosion.  In  areas  underlain  by  the  Mahantango 
Formation  the  surface  often  contains  abundant  siltstone  chips  that  are 
dominantly  grayish  orange  (10YR7/4)  as  well  as  pale-yellowish  orange 
(10YR8/6)  , light  red  (5R6/6)  , and  moderate  pink  (5R7/4) . These  chips 
and  a few  small  pebbles  and  some  boulders  piled  along  the  margins  of 
cidtivated  fields  are  often  all  that  indicates  the  former  presence  of  the  till. 

' Reevaluation  of  these  deposits  hv  Sevon  after  this  report  was  in  press  indicates  that 
all  deposits  in  Long  Run  \allcv  mapped  as  lllinoian  are  Early  Wisconsinan  in  age 
(Sevon,  1974). 
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!In  some  areas  iron  oxides  irom  the  till  have  stained  the  umlerlying 
^^ahantango  shale  reddish  orange. 

All  ]llinoian(?)  glacial  material  in  the  area  lies  south  ot  outcrops  ol 
! thick  Catskill  conglomerates,  rinis  glacial  materials  are  easily  lecogni/ed 
[because  most  ol  the  larger  erratics  are  conglomerates. 

Illinoian{?)  Ouhrasli  South  of  Stony  and  Chestnut  Ridges 

Deeply  weathered  moderate-brown  (5YR4/4)  to  light-brown  (5YR5/6) 

; and  dark-yellowish-brown  (10YR4/2)  to  dark-ycllowish-orange  (10YR6/6) 
sand  and  gravel  underlies  Hat  terraces  and  getitly  sloping  suiiaces  along 
■the  Lehigh  River  and  .\tpiashicola  Creek.  The  cobbles  in  this  outwash 
are  rounded  and  are  generally  6-H  inches  long,  but  larger  boidders  are 
present,  especially  south  ol  Blue  Mountain.  Weathering  rinds  on  the 
cobbles  are  at  least  i/,  inch  thick;  some  cobbles  have  rinds  at  least  3 
inches  thick.  Chert  particles  are  leached  white  (N9)  to  light  giay  (N7). 
Although  till  was  undouittedly  derived  from  Silurian  and  Devonian 
limestones,  no  limestone  fragments  were  seen:  presumably  they  have 
been  completely  removed  by  leaching. 

The  outwash  probably  averages  less  than  20  feet  in  thickness;  the 
I greatest  thickness  recorded  was  26  feet  in  a water  well  for  the  American 
jNickeloid  Company  in  the  northw’est  section  of  Walnutport. 

! In  many  places  the  rotinded  gravels  of  the  Illinoian(?)  outwash  are 
"incorporated  in  weathered  colluvium  underlying  gentle  to  moderate 
i slopes,  especially  in  the  valley  of  Acpiashicola  Creek  east  of  Palmerton. 
Although  they  have  been  modified,  these  Illinoian(?)  outwash  deposits 
were  mapped  because  their  position  aids  interpretation  of  the  glacial 
history  of  the  area.  An  excellent  example  of  this  type  of  deposit  may  be 
seen  in  fields  south  of  Acpiashicola  Creek  and  southeast  of  the  village 
of  Little  Gap.  Rounded  Ridgeley  and  Palmerton  boulders  are  as  long  as 
1 foot.  These  are  imbedded  in  light-brown  (5YR5/6)  to  grayish-orange 
(U)YR7/4)  and  gray  clay  and  silt  colluvium  with  bedding  parallel  to  the 
slope.  In  many  other  places,  the  outw'ash  gravels  are  mixed  with  sub- 
angular  to  angular  boulders  of  colluvium  many  feet  long.  The  mixed 
colluvium  and  outwash  contains  more  silt  and  clay  than  the  outwash 
(samples  8 and  9,  Table  9,  and  Figures  132  and  133)  . Sorting  is  poor 
(Table  10),  averaging  25  for  two  samples  analyzed  (Table  11). 

The  terrace  form  is  well  developed  in  and  around  Palmerton,  and  the 
outwash  consists  of  muddy  sandy  cobble  gravel  (samples  6 and  7,  I’able 
9;  Figure  133).  A small  channel  is  cut  into  the  Shawangunk  Formation 
and  Bloomsburg  Red  Beds  along  Pa.  Route  248  (sample  locality  8).  Here, 
rounded  boulders  are  as  long  as  1.5  feet.  The  following  is  a count  of  100 
pebbles  from  this  locality. 
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Pebble  litholog\  Percent 

{.reeiiish  saiiclstonc  (Miclille  Devonian  and  vounger)  34 

Red  sandstone  (Catskill  or  Bloomsbiirg)  10 

Orangish  sandstone  (Oriskanv  and  Palmerton)  4 

Gray  siltstone  and  shale  (Schoharie-Esopus.  Marcellus.  and 

Mahantango)  21 

Red  siltstone  and  shale  (Bloomsbiirg  and  Catskill)  . 5 

Chert  (Xeiv  Scotland  or  Buttermilk  Falls)  5 

Yellowish  shale  and  siltstone  (probabh  Poxono  Island)  21 


Illinoian(?)  ounvash  is  exposed  along  the  Central  Railroad  of  New 
Jersey  one-half  mile  north  of  Walnutport  and  in  pits  of  the  American 
Nickeloid  Company  in  Walnutport.  The  matrix  of  these  deposits  is 
medium  to  very  coarse  sand  (apparently  more  sandy  than  north  of  Blue 
Mountain)  and  manv  rounded  boulders  are  1-2  feet  long.  A few  water- 
worn  boulders  are  more  than  6 feet  long  (Figure  117;  also  see  Miller  and 
others,  1939.  pi.  17B,  p.  288). 


Figure  117.  Coarse  gravel  and  sand  in  I ilinoiam  ?)  outwash  in  pit  of  American  Nickeloid 
Company,  Walnutport.  The  large  water-worn  boulder  above  the  pit  is 
more  than  6 feet  long.  Many  boulders  are  more  than  1 foot  long.  The  out- 
wash is  about  10  feet  thick  at  this  locality. 
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A longitudinal  profile  of  the  lllinoian(?)  outwash  terrace  is  shown  in 
Figure  116.  The  terrace  is  about  60-90  feet  above  the  present  Lehigh 
River  and  Acjuashicola  Oeek.  I'he  upper  limits  of  outwash  may  be 
slightly  inaccurate  because  of  several  mapping  difficulties.  These  include: 
mixing  of  outwash  with  colluvium,  possible  mixing  with  even  older 
stratified  drift,  and  poor  exposure. 

The  clay-sized  minerals  in  the  Illinoian(?)  outwash  include  illite, 
quartz,  chlorite,  vermiculite,  and  kaolinite  (Table  12). 

Illinoian{?)  Outwash  North  of  Stony  and  Chestnut  Ridges 

Deposits  of  reddish-orange  Illinoian(?)  outwash  gravels  in  terraces  are 
extensive  along  Pohopoco  Creek'  and  in  a few  places  along  the  Lehigh 
River. 

The  outwash  is  mostly  unconsolidated,  poorly  sorted,  moderate-brown 
(5YR3/4)  to  moderate-reddish-brown  (10R4/4  or  10R4/6),  sandy  gravel 
with  rounded  pebbles  of  varying  lithologies.  .Almost  all  pebbles  are  deeply 
weathered,  having  weathering  rinds  up  to  1 cm  thick.  Many  disintegrate 
readily  with  only  moderate  pressure.  The  pebbles  and  boulders  are 
derived  mainly  from  Catskill  sandstones  and  conglomerates.  Only  the 
small  pebble  fraction  contains  abundant  locally  derived  material  (mostly 
Mahantango  shale) . The  texture  of  the  outw'ash  varies  from  deposit  to 
deposit,  but  most  deposits  have  pebbles  4 to  6 inches  in  diameter.  Little 
is  known  about  vertical  and  lateral  continuity  of  individual  beds  within 
the  outwash  gravels,  but  observations  suggest  considerable  variation. 

Red  clay  was  exposed  in  several  deep  exploration  pits  in  the  terraces 
along  Pohopoco  Creek,  but  nothing  is  known  of  its  areal  extent  or  its 
lateral  continuity.  The  clay  is  approximately  reddish  brown  (10R4/4), 
massive,  and  cohesive.  Two  semiqnantitative  X-ray  analyses  of  this  clay 
from  two  pits  about  0.6  mile  west  of  Pine  Run  follow. 
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Beds  of  sand  also  occur  in  the  outwash,  but  very  little  is  known  about 
their  variability  or  extent.  Most  of  the  outwash  is  probably  10  to  20  feet 
thick  and  the  thickest  known  deposit,  exposed  at  the  dam  site  during 
the  construction  of  the  Beltzville  Dam,  is  over  80  feet  thick.  Exploration 
work  for  the  Beltzville  Dam  (U.S.  Army  Corps  of  Engineers,  1965)  in- 

Ree\aliiatioii  of  some  of  these  deposits  by  Sevon  (1974)  after  this  report  was  iti  press 
indicates  that  some  or  all  of  these  deposits  may  be  Early  Wisconsinan  in  age. 
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clicales  that  tliis  tliick  deposit  fills  a lormer  channel  ol  Pohopoco  Creek 
and  that  the  beihock  high  between  the  bottom  oi  the  old  channel  and 
the  present  channel  has  a relief  ot  about  10  feet. 

Ik  i.sco  nsi  72  a n Out  xoaslt 

Atpiashicola  Creek  Hows  in  a Hat-floored  valley  1,000  to  l.ftOO  feet  wide. 
Except  for  the  thin  fine  allnvinm  along  the  creek,  the  valley  is  tinderlain 
by  moderate-brown  (5YR4/4)  to  moderate-yellowish-brown  (10YR5/4) 
muddy  sandy  cobble  gravel  (samples  4 and  5,  Table  9,  Figure  133)  . The 
sand  is  generally  metlium  to  very  coarse  (Figure  132,  samples  4 and  5). 
■Sorting  is  generally  good  (sample  3,  Table  10).  The  poor  sorting  of 
sample  4 in  I'able  10  is  mostly  due  to  collecting  of  several  better  sorted 
thin  beds  of  different  texture.  There  are  few  good  exposures  of  this 
outwash,  but  the  superintendent  at  the  sew'age  disposal  plant  in  Palmer- 
ton  noted  that  during  construction,  the  upper  15  feet  of  the  deposit  was 
exposed  and  consisted  of  hori/ontally  stratified  sand  and  gravel.  Some  of 
the  .sand  is  now'  used  for  filter  in  the  plant.  4 he  boulders  from  this  local- 
ity are  well  rountled  to  subrountled  and  are  as  much  as  2.5  feet  long. 
Most  of  these  boulders  have  only  a paper-thin  weathering  rind.  Chert 
fragments  are  generally  dark  gray  (N3) . Some  cherty  limestone  was 
noted.  A count  of  100  pebbles  at  the  Palmerton  sewage  plant  follows. 


Pebble  lithology  Percent 

C.reenish  sandstone  (Middle  Detotiian  and  yoitngei)  35 

Red  sandstone  (Clatskill  or  Bloomsbing)  14 

Oratigisli  satidstone  (Decker,  Oriskanr,  and  Palmertott)  9 

(bay  siltstonc  and  shale  (.Schoharie-E.sojnis,  Marcellus, 

and  Mahantango)  15 

Retl  siltstone  atid  shale  (Bloonisbtirg  or  Catskill)  4 

Chert  and  cherty  limestone  (New  Scotland,  Oriskanv, 

and  Bitttermilk  Falls)  16 

Yellowish  shale  (Poxono  Island)  4 

Gray  (]itart/ite  (Shawangnnk)  3 


1 he  pebble  composition  of  the  Wisconsinan  outw'ash  is  remarkably 
similar  to  that  of  the  Illinoian(?)  otitwash.  Some  of  the  pebbles  in  the 
Wisconsinan  outwash  are  rotted,  and  some  chert  is  white.  Perhaps  these 
were  derived  from  older  drift. 

I'he  Wisconsinan  ontwash  can  be  distinguished  from  the  older  terrace 
gravels  by  its  color  and  weathering  characteristics,  general  lack  of  deep 
weathering  rinds  on  cobbles  and  boidders,  dark -gray  color  of  the  chert, 
presence  of  limestone,  and  lower  height  (about  10  feet)  above  the  present 
creek  (Figure  116).  I’he  clay  mineralogy  is  also  distinctive  in  that  chlorite 
is  abundant  (Table  12)  . This  is  similar  to  the  mineralogy  of  Wisconsinan 
till  and  stratified  drift  northeast  of  the  Wisconsinan  terminal  moraine  in 


STKA  1 IGR  AI']1> 


217 


:t  tlie  Sti oiKlsbmg,  Pcim^N hania,  area  (l'.])stein,  l()()*J).  I he  ininoi  ainoiims 
111  of  kaolinite  and  veiniiculite  in  the  outwash  may  i)e  ihe  icsuli  ol  rcAvork- 
ing  tiom  older  deposits. 

d'he  outwash  may  he  latlicr  thick  in  the  center  ot  the  valley  ol  Acpiashi- 
cola  Creek.  In  the  two  exploratory  wells  drilled  by  the  IhS.  .\iiny  Corps 
»,  ot  Engineers  south  ol  Whilkton  (see  Plate  1),  brown  clayey  sand  and 
n gravel  was  66  leet  thick  in  the  northein  one  (bedrock  encountered  at  an 
1)  altittide  ot  366  leet)  and  19  leet  thick  in  the  southern  one  (bedrock 
e encountered  at  an  altitude  ot  377  tee*)  . I'he  altitude  ot  bedrock  in  the 
vallev  does  not  contorm  to  the  expected  etpiilibrium  |)rofile  tor  this 
if  stream.  One  mile  to  the  south  ol  Lehigh  Gap.  f>.5  miles  down  valley  of 
1 the  wells,  ribs  ot  ,\tartinsburg  bedrock  are  in  the  Lehigh  River  at  an 
s altitude  ot  360  feet.  Bedrock  is  also  exposed  in  Acpiashicola  Creek  at  an 
altittide  of  about  390  leet  just  south  ot  the  sewage  disposal  plant.  It 
i appears,  therefore,  that  the  present  course  ot  .\(]uashicola  Cheek  south 
[ of  Palmerton  was  established  in  Wisconsinan  time  (the  Wisconsinan  out- 
wash terrace  is  found  there)  , some  ot  the  drift  in  the  wells  at  Whdkton  is 
pre-Wisconsinan  in  age,  the  main  course  of  the  creek  during  Illinoian(?) 
time  paralleled  Delaware  Avenue  in  Palmerton,  and  there  may  have 
been  deepening  ot  the  Atpiashicola  channel  by  glacial  scouring  tluring 
lllinoian(?)  time.  I bis  cannot  be  currently  proven  because  no  lllinoian(?) 
till  has  been  recognized  in  the  valley.  I’he  Lehigh  River  was  a major 
channelway  throughout  the  Pleistocene  becatisc  stream  terraces  of  many 
ages  are  found  there.  Clearly,  the  drainage  evolution  in  the  Lehighton 
and  Palmerton  quadrangles  has  been  complex, 

A Wisconsinan  otitwash  terrace  was  not  seen  along  the  Lehigh  River 
south  of  Blue  Mountain.  The  terrace  ends  abrnjrtly  below  the  confluence 
of  Aquashicola  Creek  and  the  Lehigh  River,  so  the  present  Lehigh  south 
of  Blue  Mountain  has  completely  removed  the  outwash.  Gravels  in  the 
bed  of  the  river  south  of  Blue  Motintain  and  below  the  alltivium  are  all 
that  remain  of  the  outwash. 

I’he  outwash  is  present  along  Aquashicola  Creek  for  one-half  mile  east 
of  the  Palmerton  tjuadrangle  and  is  missing  in  the  narrow  valley  for  6. ,5 
miles  to  the  northeast.  It  is  present  again  in  the  valley  southwest  of 
■Saylorsburg,  Pennsylvania  (].  B.  Epstein  and  G.  G.  Connally,  unpub. 
data). 

Shale-Chip  Rabble 

Deposits  of  shale-chip  rubble  are  along  the  roatl  between  Harrity  and 
Big  Greek,  on  the  east  side  of  the  rounded  hill  one-half  mile  south  of 
East  Weissport,  along  Pa.  Route  443  at  Lehighton  (Eigure  31)  and  north 
of  Ashfield.  .Similar  deposits  probably  exist  elsewhere  in  the  area.  The 
rubble  comprises  chips  of  Mahantango  shale  mainly  (4  to  1 1/,  inches  long 
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and  less  than  i/^  inch  thick.  The  flakes  are  generally  imbricated,  dip 
downslope,  and  lie  nearly  parallel  to  the  upper  surface  (Figure  118). 
Some  of  these  deposits  have  convolute  bedding  in  the  uppermost  part  of 
the  deposit. 

The  ridrble  is  uncompacted  and  lacks  clay  or  silt  matrix,  but  most  of 
the  flakes  have  coatings  of  clay.  Some  14-  to  i/g-inch-thick  layers  of  clay 
and  silt  lie  parallel  to  the  upper  surface.  The  sorting  of  the  shale  chips 
is  generally  very  good,  but  large  pieces  of  shale,  including  plates  up  to  10 
inches  long,  have  been  observed. 

The  rubble  occurs  at  the  base  of  slopes  underlain  by  Mahantango 
shale.  The  rubble  was  derived  from  the  rock  outcrop  by  frost  riving  and 
accumulated  as  a talus  at  the  base  of  the  slope.  The  resulting  deposit  is 
wedge  shaped,  with  the  thickest  part  at  the  base,  the  thinnest  at  the  top, 
and  a variable  thickness  in  between,  depending  upon  the  configuration 
of  the  bedrock  surface.  No  total  thickness  was  determinable  for  any  of 
the  deposits.  The  deposit  south  of  East  Weissport  is  more  than  20  feet 
thick,  but  deposits  along  Pohopoco  Creek  are  probably  much  thinner. 
Only  those  deposits  exposed  in  road  or  stream  cuts  and  quarrying  opera- 
tions have  been  mapped.  Other  deposits  of  rubble  probably  exist,  but 
the  vegetated  surface  of  such  a deposit  is  not  readily  distinguishable  from 


Figure  118.  Shale-chip  rubble  deposit  a half  mile  east  of  Harrity  along  road  to  Beltz- 
ville  Reservoir.  Note  imbrication  and  bedding. 
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a surface  underlain  by  Mahantango  bedrock,  and  unexposed  rubble 
deposits  were  not  angered.  Some  rubitle  deposits  mask  complex  secjuences 
of  older  surficial  deposits  (Figure  119). 

In  the  quarry  ot  the  Penn  Big  Bed  Slate  Company,  6,000  feet  west  of 
Rextown  and  300  feet  south  of  the  Lehighton  quadrangle,  in  the  Slate- 
dale  quadrangle,  shale-chip  rubble  or  gravel  underlies  29  feet  of  Illi- 
noian(?)  drift  (Figure  2).  The  rubble  consists  of  14  feet  of  predominantly 
dark-yellowish-orange  (10YR6/6)  weathered  platy  fragments  of  Martins- 
burg  slates  that  are  (4  to  6 inches  long  and  i),.  to  i/  inch  thick.  These  lie 
in  a silt  and  clay  matrix.  The  plates  generally  lie  horizontally.  Scattered 
throughout  are  pebbles  and  cobbles  (4  to  6 inches  long  of  subrounded 
quartzite  from  the  Shawangunk  Formation  and  other  minor  red  beds. 
The  unit  contains  rare  angular  quartzite  boulders  as  much  as  14  inches 
long.  The  gravel  was  probably  emplaced  by  periglacial  solifluction  from 


Shole-chip  rubble  l/2-long  shale 
chips,  some  mud  motn*.  bedding 
parallel  to  upper  surfoce 


Fluvial  gravel  (?)  mixed  mud, 
pebbles  lo  3 diameter,  sandstone 
slabs,  finer  groined  then  E , 
lacks  bedding. 

Fluvial  grovel:  mixed  mud,  pebbles 
to  6 diameter,  rounded  pebbles, 
bedded. 

I 

Sandstone  slabs  and  mud  mixed, 
well-defined  layer 


Sandstone  slob  rubble  • coarse  si  It  stone 
end  sandstone  slobs  1/2  to  2 thick,  up 
to  9 long,  some  mud,  honzonfol  orlent- 
a ti  on 


Till  ond  sondstone  slobs  mixed: 
reddish  till  material  with  slobs  of  C 
mixed  throughout , slabs  oriented 
porollel  to  slope 


Till  • reddish,  silt,  clay,  sand,  pebbles 
up  to  l"  diameter,  poorly  exposed, 
no  beddi ng. 


Figure  119.  Field  sketch  of  shale-chip  rubble,  sandstone-slab  rubble,  till,  and  fluvial 
gravel  deposit  in  an  exposure  behind  a garage  on  the  north  side  of  Pa. 
Route  443  a few  hundred  yards  west  of  the  junction  of  Pa.  Route  443  and 
U.S.  Route  209  at  Lehighton. 
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an  outcrop  upslope  to  the  iiortli  just  prior  to  being  covered  by  the 
IlIinoian(?)  glacier.  The  scattered  erratics  ot  cjuartzite  in  the  gravel  may 
have  been  derived  from  pre-Illinoian(?)  drift  that  may  have  been  present 
on  the  hill. 

Boulder  Fields 

'I'liree  boulder  fields  have  been  mapped  in  the  area:  two  southeast  of 
Bowmanstown  (Sevon,  1067a)  and  one  at  the  crest  of  Blue  Mountain  at 
Little  Gap. 

d'he  Bowmanstown  boulder  field  is  located  immediately  southeast  of 
Bowmanstown  (Plate  2) . “The  boidder  field  floors  an  open  northeast- 
southwest  trending  valley  and  has  the  following  dimensions:  approxi- 
mately three-fourths  of  a mile  long,  750  feet  wide  at  the  western  end  and 
600  feet  wide  at  the  eastern  end.  . . . The  western  end  of  the  boulder 
field  has  been  modified  by  housing  development  and  transportation 
systems  and  the  eastern  end  is  obscured  by  soil  and  vegetation.  The  field 
surface  has  a gradient  of  4i/^°  to  5°  southwest  with  no  perennial  streams 
or  integrated  drainage  and  is  covered  with  scrub  oak,  pine,  other  small 
trees  and  greenbrier  except  where  the  boidder-enclosing  matrix  has  been 
removed.”  (.Sevon,  1967a,  p.  90).  The  matrix-free  area  (Figure  120)  occurs 
as  fingers  extending  northeastward  from  the  southwestern  end  of  the 


Figure  120.  Surface  of  the  Bowmanstown  boulder  field  in  a matrix-free  area.  Boulder 
field  is  at  southeast  edge  of  Bowmanstown. 
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boukler  tieltl.  The  valley  is  bouiulecl  on  tlic  north  bv  a sliaip  narrow 
rock  ridge  rising  60  to  HO  feet  above  tlie  vallev  lioor  and  on  the  south 
by  a Inoad  rounded  rock  riilge  rising  100  to  120  lect  above  the  wdley  lloor. 

'I'he  tollowing  description  of  the  boidder  field  is  taken  from  Sevon 
(1967a.  p.  92-93): 

Tlu*  Bow inaiistowii  boulder  field  comprises  sandstone  boulders  awraging  1 to  2 
feet  in  diameter  in  an  nnsorted  intii si itial  matiix  of  silt,  sand,  and  fine  angular 
peldrles,  , . . In  tlie  western  eiul  of  tile  field  w lu  ri-  the  matrix  lias  been  remosed, 
the  boulders  are  almost  exclnsi\el\  Palmertoii  saiidsioiie  and  \arN  in  size  from 
about  ()  inches  in  diameter  to  an  observed  maximum  ot  2t)  to  10  b\  8 feet,  Tbe 
boulders  are  snbroniuled  in  shape,  have  rotigh-textnred,  weathered  surfaces  with 
nnmerons  protruding  small  cpiartz  pebble's  and  are  stabli-  with  scweral  [)oint  contacts 
per  boulder,  , . . [.Schoharie-Esopns]  siltstone  occurs  inainlv  as  small  angtdar  pebbles 
in  the  matrix  and  Ridgelcw  sandstone  boulders  are  lare,  I'heocerall  appearance  ol  the 
matrix-free  area  is  one  of  flatness  despite  the  surface  nnecenness  created  bv  irregnlar 
hollows  and  projecting  boulders.  There  are  few  irregnlarities  disrupting  the  flatness 
of  the  area  having  matrix  present.  No  obsercations  ha\e  been  made  of  those 
boulders  still  enclosed  in  matrix,  Tbe  total  thickness  of  the  deposit  is  not  known, 
although  the  matrix  has  been  removed  to  a depth  of  5 feet  in  some  places. 

The  unbent  attitude  of  trees  and  the  nndistnrbed  positions  of  pieces  of  spall 
rock  on  boulders  indicate  that  there  is  no  mass  mocement  within  the  held  at  tbe 
present  time. 

The  freshly  weathered  appearance  of  the  matrix  at  the  margins  of  the  matrix- 
enclosed  area  suggests  that  headward  erosion  is  an  active  process  in  the  held.  .Surface 
concentrations  ot  angular  pebbles  near  these  margins  mav  indicate  sheet-wash 
remocal  of  sand  and  silt  as  the  initial  process  of  the  erosion. 

The  boulder  field  appears  more  continuous  into  the  marginal  talus  deposits  to 
the  north  than  into  those  to  the  south,  but  matrix  and  cegetation  obscure  the 
relationship.  The  northern  ridge  has  a small  talus  accumulation  along  its  southern 
base  which  grades  evenly  into  the  boulder  held  w ithin  a few  tens  of  feet.  I be 
talus  deposits  along  the  northern  base  of  the  south  ridge  appear  to  be  small  in 
volume  and  have  well-defined  slope  changes  at  their  boundaries  with  the  boulder 
field  and  scree  slopes.  Scree  is  well  developed  on  the  north  side  of  the  southern  ridge 
and  contrasts  with  the  boulder  field.  On  the  southwestern  part  of  the  ridge  the  scree 
comprises  hard,  smooth-surfaced  angular  blocks  of  Palmerton  sandstone  with  little 
or  no  enclosing  matrix.  The  blocks  are  partiallv  unstable  and  the  jumbled  nature 
of  the  mass  suggests  that  some  movement  has  occurred,  but  there  is  no  indication 
of  present  movement.  On  some  eastern  and  central  parts  of  the  ridge,  hard,  smooth- 
surfaced, angular,  pebble-sized  fragments  of  Bowmanstowii  siltstone  form  a scree 
veneer.  The  scree  and  talus  deposits  are  not  actively  forming  at  present,  but  the 
unweathered  appearance  of  the  scree  suggests  that  it  is  younger  in  origin  than  the 
boulder  field. 

A smaller  boukler  field  east  of  the  Bowmanstown  boukler  field  is 
apparently  similar  in  character  but  has  very  little  matrix  removed  by 
erosion  and  has  a steep  front  presumaljly  typical  of  rock  glaciers. 

Areas  covered  with  jumbled  boulders  of  various  sizes  are  common  on  the 
top  and  the  slopes  of  Blue  Mountain.  One  is  shown  at  Little  Gap  on  Plate 
2 and  is  known  locally  as  “Devil's  Potato  Patch”  (Ver  Steeg,  1930).  A pho- 
tograph is  shown  in  ^^iller  and  others  (1939,  p.  121,  pi.  4B).  'Lite  boukler 
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field  lies  at  an  altitude  of  about  1,090  feet,  just  south  of  the  crest  of  Little 
Gap.  The  open  field  is  about  400  feet  long  and  100  feet  wide,  but 
boulders  underlie  tree-covered  terrain  in  all  directions.  It  lies  on  the 
outcrop  belt  of  the  Minsi  Member  of  the  Shawangunk  Formation,  but  the 
botdders  were  derived  from  the  Minsi  and  Weiders  Members  that  under- 
lie the  slopes  to  the  east  and  west.  No  bedrock  is  exposed  in  the  field. 
The  slopes  are  also  covered  with  coarse  rubble  and  no  outcrops  were 
found.  The  slope  of  the  field  is  about  2°  SE.  The  boulders,  as  much  as  ; 
8 feet  long,  are  jtimbled  and  loosely  packed.  Many  are  in  semistable  posi-  i 
tions  and  stand  on  edge.  The  surface  of  the  field  is  flat  in  overall  view,  i 
but  there  is  some  unevenness,  depressions  being  about  4 feet  deep.  i 

Whether  there  is  any  movement  in  the  field  at  present  would  have  to 
be  determined  by  careful  measurements  over  a period  of  years.  Running 
water  may  be  heard  below  the  blocks  (Ver  Steeg,  1930) , so  fine  particles 
are  probably  being  washed  otit  and  the  boulders  are  being  broken  down 
by  weathering.  Similar  boulder  fields  in  Pennsylvania  and  elsewhere  are 
believed  to  have  developed  during  intensified  mechanical  disintegration 
and  mass  movement  under  periglacial  conditions;  at  present  the  fields  | 
are  m a stage  of  decay  (for  example,  see  Smith,  1953) . I 

Colluvium  ] 

Colluvium  is  a term  applied  to  unconsolidated  materials  which  are  ! 
shed  from  disintegrating  bedrock  hills  or  cliffs  and  which  moved  down- 
slope  under  the  infltience  of  gravity.  Movement  may  be  aided  by  satura- 
tion with  water  (solifluction)  and  also  by  alternate  periods  of  freeze  and 
thaw  (frost  heaving).  A series  of  deposits  may  form  on  very  steep  slopes, 
such  as  along  the  south  face  of  Blue  Mountain.  At  the  top,  huge  blocks 
of  rock,  many  more  than  10  feet  long,  fall  from  the  cliff  face  and  often 
come  to  rest  in  unstable  positions.  These  blocks  are  somewhat  diminished 
in  size  as  mass  movement  proceeds  downslope,  and  the  talus  deposit 
formed  will  reach  equilibrium  at  the  angle  of  repose,  generally  25°  to 
35°.  Farther  downslope,  as  the  blocks  are  reduced  in  size,  the  percentage 
of  sand,  silt,  and  clay  increases.  Soil  may  cover  large  areas,  and  vegetation 
is  more  prolific.  At  this  point,  it  is  difficult  to  distinguish  the  colluvium 
from  Illinoian(?)  till  without  good  exposures.  The  downslope  decrease  in 
size  of  material  in  colluvium  along  the  lower  south  slope  of  Blue  Moun- 
tain is  shown  in  Figure  121. 

In  the  higher  reaches  of  the  talus  pile,  the  boulders  generally  lie  in 
jumbled  heaps,  but  in  many  places,  masses  of  these  boulders,  many  of 
which  are  imbricate,  extend  as  lobes  downslope  for  distances  more  than 
100  feet  and  extend  out  over  much  finer  materials  below  (see  Figure  121). 
These  are  either  rock  glaciers  that  flowed  downslope  or  are  solifluction 
or  creep  phenomena  similar  to  those  described  by  Potter  and  Moss  (1968). 
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Figure  121.  Cross  section  through  south  slope  of  Blue  Mountain  along  the  Northeast  Extension  of  the  Pennsylvania  Turnpike  m the 
Lehighton  quadrangle  showing  colluvium,  soil,  and  weathered  rock  on  the  Martinsburg  and  Shawangunk  Formations.  The 
contact  between  the  Martinsburg  and  Shawangunk  is  an  angular  unconformity  of  10°.  Modified  from  Pennsylvania  Turnpike 
Commission  reference  drawing  606-20-G-2,  1954  lunpub.).  Vertical  scale  same  as  horizontal. 
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Transverse  anti  longitnclinal  ridges  and  Irirrows,  commonly  with  a relief 
as  great  as  10  feet,  attest  to  variation  in  the  rate  of  flow.  On  the  denuded 
steep  slope  in  the  Li/ard  Creek  Member  of  the  Shawangnnk  Formation 
south  of  Atpiashicola  Creek  and  south  of  the  sewage  disposal  plant  in 
Palmerton,  there  are  several  “tlebris  chutes.”  These  are  at  least  200  feet 
long  and  contain  rubble  from  the  snrronnding  bedrock.  The  rubble  is 
cotnposed  of  shale  and  saiulstone  fragments  rangitig  from  small  chips  to 
boulders  nearly  5 feet  long.  Levees  lie  along  the  longitudinal  margins  of 
the  chutes.  From  crest  to  crest  of  the  levees,  the  chutes  are  about  10  feet 
wide  and  1.5  feet  deep.  These  features  are  active  at  the  present  time,  as 
indicated  by  abundant  slide-rock  traveling  down  the  chutes  onto  the 
railroad  below. 

Vegetation  is  advancing  over  many  presently  inactive  talus  slopes, 
especially  on  their  lower  margins.  Higher  u]),  on  steeper  slopes,  however, 
talus  is  still  accumulating,  as  indicated  by  trees  that  have  been  knocked 
over  by  boulders,  by  lichens  on  the  undersides  of  some  boulders,  and  by 
the  very  unstable  position  of  many  boulders.  Commonly,  during  the 
spring  thaw,  rocks  can  be  heard  falling  along  the  south  slope  of  the 
mountain. 

Only  the  thick  accumulation  of  coarse  colluvium  along  the  south  slope 
of  Blue  Mountain  was  mapped  (Plate  2).  The  thickness  of  this  deposit  is 
probably  greater  than  50-70  feet  in  many  places  (see  Figure  121)  . Where 
it  overlies  the  Martinsburg  Formation,  a thick  interval  of  weathered  slate 
and  soil  underlies  it.  A veneer  of  colluvium  is  also  present  over  most 
areas  of  the  cpiadrangle,  and  the  colluvial  cover  may  be  thick  in  places 
on  the  north  slope  of  Blue  Mountain.  It  is  as  much  as  50  feet  thick  at 
the  north  portal  of  the  Lehigh  Tunnel  on  the  Northeast  Extension  of 
the  Pennsylvania  Turnpike.  Mapping  the  colluvium  here  is  difficult 
because  the  colluvial  rubble  is  composed  principally  of  fragments  from 
the  underlying  Bloomsbnrg  Red  Beds,  and  the  depth  to  bedrock  cannot 
be  easily  judged.  Along  the  road  north  from  Lehigh  Furnace  Gap  where 
the  cuts  are  5 feet  deep  or  more,  there  is  no  bedrock  exposed  and  the 
colluvium  may  be  very  thick,  especially  at  lower  altitudes.  It  is  probable, 
therefore,  that  where  bedrock  is  not  exposed  on  Blue  Mountain,  as 
indicated  on  Plate  1,  it  thin  to  thick  veneer  of  colluvium  blankets  the 
surface. 

Colluvium  is  generally  thin  in  the  outcrop  belt  of  the  Martinsburg 
Formation,  but  weathered  slate  that  is  readily  moved  with  power  equip- 
ment may  be  more  than  10  feet  thick  (Figtire  122)  and  in  places  more 
than  50  feet  thick  (Figure  121).  The  slow  downward  creep  of  the  col- 
luvium is  indicated  by  downslope  bending  of  the  tinderlying  bedrock 
(Figure  122). 
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Figure  122.  Weathered  Martinsburg  slate,  about  15  feet  thick,  in  a borrow  pit  along 
the  east  side  of  Pa.  Route  145,  1 mile  north  of  Walnutport.  Bedding  and 
cleavage  are  about  vertical  in  the  undisturbed  rock  and  have  been  bent 
downslope  by  the  slow  creep  of  colluvium.  Colluvium  at  the  top  of  the 
exposure  is  2-3  feet  thick. 

As  mentioned  previously,  much  colluvium  along  the  south  slope  of 
Stony  and  Chestnut  Ridges  has  been  mapped  as  Illinoian(?)  outwash, 
which  interfingers  with  the  colluvium.  Two  samples  of  this  colluvium 
(samples  8 and  9)  are  very  poorly  sorted  with  a clay-silt  matrix.  The 
petrographic  and  mineralogic  characteristics  of  these  are  given  in  I’ables 
9-12  and  Figures  132  and  133. 

Extensive  deposits  of  colluvium  occur  on  both  sides  of  Stony  Ridge 
east  of  Ashfield.  These  deposits  comprise  sandstone  boulders  enclosed  by 
a moderate-reddish-brown  (10R4/6)  matrix  of  pebbles,  sand,  silt  and 
clay.  The  colluvium  results  from  mass  movement,  by  gravity,  of  materials 
weathered  from  the  rocks  forming  Stony  Ridge.  The  texture  of  these 
deposits  is  variable.  Near  Walkton  the  colluvium  consists  of  about  50 
percent  pebbles  and  boulders  set  in  a matrix;  most  of  the  pebbles  are 
less  than  3 inches  in  diameter,  a few  pebbles  are  3 to  9 inches  in  diameter, 
and  rare  boulders  are  up  to  2i/^  feet  in  diameter.  Colluvium  boulders  up 
to  12  feet  long  are  exposed  in  Fireline  Creek  northeast  of  Bowmanstown. 
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The  surfaces  of  these  deposits  are  often  littered  with  numerous  boulders 
(Figure  123).  In  many  places  on  the  north  side  of  Stony  Ridge  there  is  a 
sharp  contrast  between  the  surfaces  of  adjacent  colluvium  and  shale 
deposits. 

Colluvial  deposits  on  the  south  slope  of  Stony  Ridge  have  been 
mapped,  but  other  colluvial  materials  north  of  Stony  Ridge  have  not 
been  mapped.  The  Stony  Ridge  colluvium  differs  in  composition  from 
the  underlying  bedrock  lithologies,  allowing  easy  mapping,  whereas 
colluvial  material  developed  elsewhere  is  often  identical  to  the  underly- 
ing bedrock  and  is  thus  difficult  or  impossible  to  map  without  subsurface 
information.  The  steep  north-facing  slopes  bounding  the  south  side  of 
Pohopoco  and  Afahoning  Creek  valleys  have  extensive  deposits  of  debris 
from  the  Trimmers  Rock  Formation  and  the  Towamensing  Member  of 
the  Catskill  Formation.  Ffowever,  these  deposits  are  not  readily  dis- 
cernible from  normal  weathering  products  of  the  Trimmers  Rock  Forma- 
tion and  are  generally  observed  only  in  artificial  cuts  such  as  that  shown 
in  Figure  124.  The  deposit  shown  in  Figure  124  is  over  30  feet  thick  and 
consists  of  poorly  bedded  zones  of  siltstone  slabs  1 to  2 feet  long  and 
2 to  6 inches  thick  in  a somewhat  finer  matrix  (Figure  125) . Some  zones 
are  chaotic  while  others  are  imbricated  and  distinctly  sorted.  Such 


Figure  123.  Surface  of  colluvium  deposit  just  south  of  Christian  Corner. 
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Figure  124.  Talus  of  colluvium  developed  on  a steep  slope  of  Trimmers  Rock  siltstone 
along  south  bank  of  Pohopoco  Creek  at  the  left  abutment  of  the  Beltz- 
ville  Dam. 

deposits  are  probably  the  result  ot  talus  development  along  the  side  of  a 
valley  oversteepened  by  glaciation. 

An  initial  stage  of  colluvial  development  is  illustrated  in  Figure  126. 
This  exposure  shows  disintegrated  Mahantango  shale  disturbed  near  the 
surface  by  creep.  The  extent  to  wdtich  the  mapped  area  is  affected  by 
movement  of  this  nature  is  not  known. 

Holocene 

Alluvium 

Deposits  of  alluvium  are  extensive  and  variable.  Some  alluvial  material 
was  deposited  in  nearly  all  drainage  channels,  but  there  is  considerable 
variation  in  the  nature  and  extent  of  the  deposits.  The  most  extensive 
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Figure  125.  Bedding  detail  of  talus  deposit  shown  in  Figure  124. 


alluvium  is  in  the  Lehigh  River  valley  and  the  valleys  of  Lizard, 
Aquashicola,  and  Mahoning  Creeks.  .Some  alluvium  is  present  in  Poho- 
poco  Creek  valley,  but  the  thickness  of  this  alluvium  is  considerably  less 
than  the  thicknesses  of  alluvium  deposits  in  the  other  creeks  of  similar 
size. 

I’he  alluvium  exposed  above  water  level  along  the  Lehigh  River  is 
generally  similar  throtighout  the  area  north  of  the  junction  of  Aquashi- 
cola Creek  with  the  Lehigh  River.  Measured  section  22  is  probably 
typical  of  the,se  deposits. 

In  a similar  section  near  Kittatinny  (8,200  feet  west  of  longitude  75° 
37'30"  and  14,  950  feet  north  of  latitude  40°45'),  a lense  of  light-gray 
sandy  clay  occurs  6 feet  below  the  floodplain  surface.  A sample  of  wood 
and  charcoal  fragments  was  collected  from  this  bed  and  the  charcoal  was 
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Figure  126.  Creep  disturbance  of  Mahantango  shale  showing  prominent  cleavage  in 
old  borrow  pit  at  north  edge  of  Aquashicola. 


dated  at  1,890  ± 100  years  B.P.  (dating  by  Isotopes  Inc.).  The  overlying 
sand  has  coal  dust  intermixed  in  the  uppermost  2 leet. 

Alluvial  setpiences  similar  to  that  described  above  are  numerous  along 
the  Lehigh  River,  but  in  most  places  the  sand  has  been  removed  by 
erosion  and  a broad  boidder  pa\ement  with  tongues  ot  sand  and  surtace 
channels  remains.  Boulder  pavements  are  well  developed  at  the  river 
bend  southwest  ot  Palmerton,  west  ot  Bowmanstown,  and  east  ot  Lehigh- 
ton  (Figure  127). 

The  character  ot  the  alluvium  in  Lizard  Creek  is  virtually  unknown 
because  ot  lack  ot  exposure.  It  appears  to  be  a poorly  sorted  mixture  ot 
clay,  silt,  sand,  and  boulders,  and  is  similar  to  the  colluvium  formed 
adjacent  to  Stony  Ridge.  The  boulders  are  sandstones  apparently  derived 
from  both  Stony  Ridge  and  Blue  Mountain.  The  alluvium  in  both 
Mahoning  Creek  and  Pohopoco  Creek  is  also  a poorly  sorted  mixture 
of  clay,  silt,  sand,  and  boulders,  but  the  boulders  arc  smaller  in  size  than 
those  in  Lizard  Creek  and  also  are  dominantly  Catskill  sandstones  and 
conglomerates  derived  from  glacial  deposits. 

I'he  thickness  of  alluvium  is  poorly  known,  but  three  cross  sections 
compiled  from  data  on  file  with  the  Pennsylvania  Turnpike  Commission, 
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Figure  127.  Surface  of  Lehigh  River  alluvial  plain  at  Lehighton. 


Harrisburg  (Figures  128-130),  indicate  the  character  and  thickness  of  the 
alluvium  where  the  Northeast  Extension  of  the  Pennsylvania  Turnpike 
crosses  Lizard  Creek,  the  Lehigh  River  and  Pohopoco  Creek.  The  thick- 
ness of  material  below  water  level  is  somewhat  surprising  as  elsewhere 
in  the  area  Pohopoco  Creek  is  flowing  on  bedrock. 

Alluvium  has  been  mapped  in  most  small  creeks,  but  only  a few 
generalities  can  be  made  about  these  deposits.  In  general,  those  alluvial 
dejiosits  in  .Silkmill  Run  (at  Jim  Thorpe)  and  streams  draining  the  Weir 
Mountain  syncline  and  flowing  into  Buckwha,  Aquashicola,  or  Lizard 
Creek  are  usually  thin  and  contain  locally  derived  material.  The  material 
is  usually  clay,  silt,  and  sand,  depending  upon  the  dominant  lithology 
in  the  drainage  basin,  but  some  plate-shaped  pebbles  are  present.  Bed- 
ding is  common  and  there  is  some  imbrication  of  pebbles.  These  deposits 
are  probably  seldom  more  than  5 feet  thick. 

Alluvial  deposits  in  those  streams  north  of  the  Weir  Mountain  syncline 
and  flowing  into  Mahoning  or  Pohopoco  Creek  and  including  Long  and 
Beaverdam  Runs  are  dominated  by  Catskill  sandstone  and  conglomerate 
boulders  which  have  been  eroded  from  Illinoian(?)  glacial  deposits.  The 
remainder  of  the  alluvium  is  a mixture  of  clay,  silt,  .sand,  and  pebbles. 
Clay  and  silt  are  generally  abundant,  a reflection  of  the  eroded  glacial 
material.  The  sorting  of  these  alluvial  deposits  is  generally  poor,  prob- 
ably a reflection  of  breadth  of  initially  eroded  materials.  The  boulders 


Brown  clay,  grovel,  boulders 
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of  Pennsylvania  Turnpike  Commission,  Harrisburg. 
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are  sonieiinies  buried  by  tlie  alluvium  and  someiimes  rest  on  the  alhn  i.d 
surface.  I hese  bouldeis  arc  probably  not  olten  in  motion.  The  thickness 
of  the.se  tilluvial  deposits  most  likely  does  not  olten  exceed  a feet. 

Along  Atjuashicola  Creek,  the  alluvium  is  probably  as  much  as  8 ieet 
i thick.  At  stmiplc  locality  2,  it  consists  of  at  least  (i  feet  of  medium  to 
coarse  brown  (.aVRS/-!)  sand  in  the  basal  1 foot,  grading  up  into  very 
fine  to  meditim  model ;ite-brown  (,a\'R3/l)  sand.  Antdysis  ol  a cb;ninel 
sample  shows  that  the  deposit  is  well-sorted  (.So  = 2.1,  d'able  10), 
slightly  pebbly  muddy  fine  sand  (Table  9,  Figure  133).  In  places  on  the 
Wisconsinan  ontwash  terrace  near  this  locality  there  is  one  loot  or  less 
of  alluvial  sand  that  is  probably  reworked  fines  from  the  ontwash, 
leaving  the  boulders  in  the  ontwash  as  a lag  deposit.  One-hall  mile  cast 
of  Walkton,  at  least  1 feet  of  moderate-ycllowish-brown  (lOYR.'j/l)  silty 
sand  was  exposed  in  a trench  along  the  pipeline. 

File  alluvium  along  Lehigh  River  south  of  its  junction  with  Atpiashi- 
Icola  Creek  is  generally  similar  to  the  alluvium  along  Atpiashicohi  Creek, 
;but  it  may  be  as  much  as  20  feet  thick  in  places.  At  sample  locality  1, 
Ithe  alluvium  is  about  10  feet  thick  and  consists  of  moderate-brown 
i(5YR4/4)  slightly  granular  muddy  fine  sand.  Gravel  is  fine  and  not 
abundant  (Figtire  132).  It  abruptly  overlies  more  than  .5  feet  of  Wis- 
consinan otitwash  gravel.  .\t  sample  locality  3,  the  alluvium  is  hori- 
zontally stratified,  is  at  least  9 feet  thick,  and  contains  approximately 
;,a0  percent  coal  in  the  upper  6 to  6.5  feet  (measured  section  23) . The 
coal-bearing  sand,  which  is  common  ;dong  the  Lehigh  River,  jiiobably 
correlates  with  the  initiation  of  major  coal  mining  about  1810.  There- 
fore, about  6 feet  of  sand  has  been  deposited  during  the  past  160  years. 
In  many  ])laces,  however,  this  alluvium  is  thin  along  the  Lehigh,  and 
it  occurs  on  lag  boulders  derived  from  the  underlying  Wisconsinan  out- 
Avash  or  from  adjacent  pre-Wisconsinan  terraces. 

In  general,  the  alhnium  along  the  Lehigh  River  and  its  major  tribu- 
taries is  the  best  sorted  of  all  surficial  deposits  in  the  Lehighton  and 
iPalmerton  tpiadrangles  (Table  11).  Chlorite  is  found  in  the  clay-sized 
Iminerals  in  the  alluvium  in  .Atjuashicola  Creek.  Vermiculite  and  kaolinite 
jiare  found  in  Atjuashicola  Creek  and  Lehigh  River  samjtles  (Ttible  12). 
|!The  chlorite  is  jtrobably  tlerivetl  from  Wisconsinan  ontwash  in  Atjuashi- 
fcola  Creek;  the  vermiculite  anti  kaolinite  are  tlerivetl  from  oltler  surficial 
"dejiosits  and  weathered  bedrock  (see  Ejrstein  and  Hosterman,  1969,  for 
X-ray  analyses  of  weatheretl  bedrock  east  of  the  Palmerton  tjuadrangle)  . 

Landslidr  Deposit 

\ small  lantlslitle  tlejtosit  occurs  on  the  north  slojte  of  Bear  Mountain 
about  1 1/(,  miles  east  ol  the  Lehigh  River  at  Jim  ddtorjtc.  I'he  tlejxrsit  is 
an  elongate  mountl,  abotit  2 to  5 feet  high,  which  extends  for  several 
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hunched  feet  upslope  from  the  valley  floor.  Angular  to  subrounded  sand- 
stone boulders  occur  on  the  mound  surface  and  also  presumably  form 
much  of  the  deposit.  The  matrix  is  probably  mixed  sand,  silt,  and  clay, 
but  no  exposures  in  the  material  have  been  seen.  Some  water  seepage  is 
associated  with  the  deposit.  The  landslide  resulted  from  rapid  movement 
of  loose  bedrock  and  soil  downslope  from  near  the  top  of  Bear  Moun- 
tain. The  movement  probably  resulted  from  saturation  of  the  debris  with 
water  to  the  point  that  stability  failure  was  followed  by  movement 
downslope  by  gravity. 

Dumps 

Slate  dumps  are  conspicuous  features  in  the  area  of  the  slate  quarries 
in  the  Martinsburg  Formation  south  of  Blue  Mountain  (Plates  2 and  4). 
Many  dumps  rise  more  than  60  feet  above  the  surrounding  land.  They  con- 
sist of  waste  blocks  of  slate.  Sotith  of  Palmerton  on  the  north  slope  of  Blue 
Mountain,  there  is  a waste  pile  2.25  miles  long,  about  1,000  feet  wide,  and 
60-200  feet  high  (Figure  131).  It  is  composed  of  clinker  residue  from 
smelting  operations  of  the  New  Jersey  Zinc  Company  at  Palmerton.  The 
uses  of  these  waste  materials  are  discussed  in  the  section  on  mineral 
resources. 


Figure  131.  Waste  pile  of  clinker  residue  of  the  New  Jersey  Zinc  Company  east  of 
Palmerton.  Some  of  the  hot  clinker  is  smoking  to  the  left.  The  pile  is  about 
200  feet  high.  Blue  Mountain  is  in  the  background. 
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Cirain-Si/e  Data 

Fourteen  samples,  averaging  al)out  2,620  grams  each,  were  collected 
from  various  unconsolidated  surficial  deposits  in  the  Palmerton  ejuad- 
rangle  (see  Plate  2).  Gravel  more  than  H mm  in  diameter  was  hand  sieved 
through  plywood  screens  with  perforations  tlrilled  of  the  proper  diam- 
eter. A split  of  about  300  grams  was  then  made,  silt  and  clay  were 
separated  by  wet  sieving  throtigh  a 230-mesh  screen,  and  the  remainder 
was  sieved  in  nested  8-inch  screens  for  30  minutes  in  a mechanical  sieve 
shaker.  Silt  w^as  separated  Iroin  clay  l)y  settling  in  a dellocculated  sus- 
pension for  2 hours  and  3 minutes  and  siphoning  oft  the  upper  10  cm. 
This  was  repeated  until  the  suspension  was  clear  above  10  cm  and  all 
clay  w'as  removed.  The  silt  was  dried  and  weighed,  and  the  percentage 
of  clay  and  silt  was  computed.  A histogram  and  cumidative  curve  were 
constructed  (Figure  132),  and  various  statistical  parameters  were  cal- 
culated (Tables  9-11).  One-phi  intervals  were  used  for  sand  and  gravel 
up  to  128  mm  in  diameter.  Silt  was  averaged  through  fotir  phi  classes 
in  construction  of  the  histograms.  The  methods  of  computation  and 
significance  of  the  various  parameters  are  described  by  Krumbein  and 
Pettijohn  (1938,  p.  212-247) . 

No  particles  greater  than  128  mm  (about  5 inches)  w'ere  collected. 
Because  of  this  sampling  bias  in  the  coarser  range,  tjuartile  measures 
were  used.  Qtiartile  measures  do  not  reflect  the  behavior  of  the  extreme 
ranges  (only  the  central  part  of  the  ctirve  is  considered  in  the  statistical 
analysis)  but  moment  measures  are  affected  by  every  particle  in  the 
distribution,  so  the  arithmetic  mean  and  arithmetic  standard  deviation 
are  included  in  the  statistics. 

If  the  fragments  at  the  sample  locality  exceeded  5 inches,  the  max- 
imum observed  size  is  recorded  in  Table  9.  The  sample  bias  has  un- 
doubtedly affected  many  of  the  data.  For  example,  the  coefficient  of 
sorting  would  be  greater  for  those  deposits  from  which  coarser  materials 
were  not  collected.  Channel  samples  were  collected  for  many  deposits 
so  that  the  approximate  average  texttire  could  be  determined.  In  some 
deposits,  more  than  one  bed  was  collected.  For  example,  a 10-foot  chan- 
nel sample  was  collected  of  alluvium  at  sample  locality  I and  the  co- 
efficient of  sorting  is  higher  (So  = 2.6)  than  if  a narrower  interval  were 
collected  (So  would  probably  be  less  than  2)  . 

Because  sorting  and  skewness  vary  geometrically,  the  logs  of  the  two 
values  were  computed  so  that  an  arithmetic  and  direct  comparison 
could  be  made. 

Table  1 1 is  a summary  of  the  statistics  of  the  stirficial  deposits  in  the 
Palmerton  qtiadrangle.  Alluvium  along  present  streams  is  the  Itest  sorted 
deposit  and,  as  to  be  expected,  the  finest  grained  deposit.  The  Illinoian(?) 
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Figure  132.  Histograms  and  cumulative  curves  for  surficial  deposits  in  the  Palmerton 
guadrangle.  Silt  is  averaged  through  four  phi  classes. 
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DIAMETER. IN  MILLIMETERS 


Figure  132.  (Continued) 
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Figure  132.  (Continued) 
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DIAMETER,  IN  MILLIMETERS 


Figure  132.  (Continued) 
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Figure  132.  (Continued) 
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0, 


and  pre-lllinoian(?)  tills,  as  well  as  mixed  colluvium  and  outwash,  are 
very  poorly  sorted.  Outwash  of  various  ages  is  much  better  sorted  than 
the  till. 

Figure  133  shows  the  lithic  variations  of  the  surficial  deposits  in  the 
Palmerton  quadrangle.  The  lithic  names  are  given  in  Table  9.  The 
diagram  shows  a clustering  of  the  different  deposits  and  shows  that  the 
tills  and  sample  of  colluvium  contain  a larger  clay-silt  fraction  than  the 
other  deposits. 
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GRAVEL  eXPlANATION 


> 0626  mm) 

Figure  133.  Ternary  diagram  showing  textural  variation  of  surficial  deposits  in  the 
Palmerton  quadrangle.  Numbers  refer  to  sample  localities  shown  on 
Plato  2.  The  diagram  has  been  modified  from  Folk  (1954,  Figure  la,  p.  346) 
in  the  following  ways:  (1)  an  arithmetic  scale  for  percent  of  gravel  is  used 
for  ease  of  plotting;  and  (2)  composition  fields  for  less  than  a trace  (0.01 
percent)  of  gravel  are  omitted,  as  all  samples  collected  contain  more  than 
a trace. 


X-Ray  Analyses 

The  mineralogy  of  the  clay-sized  fraction  of  14  samples  of  surficial 
deposits  was  determined  by  X-ray  diffraction  techniques.  The  treatment 
of  the  samples  and  the  methods  of  preparation  and  identification  are 
given  by  Epstein  (1969).  The  mineralogy  is  given  in  Table  12.  There 
is  a definite  trend  in  the  Stroudsburg  quadrangle  to  the  east  where  more 
Wisconsinan  till  and  stratified  drift  are  found.  The  Wisconsinan  deposits 
contain  abundant  and  well-defined  chlorite,  whereas  kaolinite  and 
vermiculite  are  absent  or  occur  in  small  amounts.  In  Illinoian(?)  and  pre- 
Illinoian(?)  deposits,  chlorite  is  either  absent  or  is  identified  by  low  and 
broad  peaks,  and  kaolinite  and  vermiculite  are  generally  abundant. 
Illite  (clay-sized  muscovite)  is  present  in  all  samples,  but  it  is  slightly 
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Table  12.  Mineralogy  of  Clay-Sized  Fraction  of  Surficial  Deposits  in 
the  Palmerton  Quadrangle  as  Determined  by  X-ray  Diffraction  Analysis 


Most  samples  contain  traces  of  hematite  and  (or)  goethite  and  feldspar.  X,  abundant, 
identified  by  prominent  peaks;  x,  present,  identified  by  peaks  of  moderate  intensity;  o, 
trace  or  possibly  present,  identified  by  very  low  or  broad  peaks. 


Sample 

no. 

Age  and  rock  type 

Chlorite 

Kaolinite 

Vermic- 

ulite 

Illite 

Quartz 

1 

Holocene  alluvium 

X 

X 

X 

2 

do. 

X 

X 

X 

X 

X 

3 

do. 

X 

X 

X 

X 

4 

Wisconsinan  outwash 

X 

X 

X 

5 

do. 

X 

X 

X 

X 

X 

6 

Illinoian(?)  outwash 

X 

X 

X 

X 

X 

7 

do. 

X 

o 

X 

X 

X 

8 

Illinoian(?)  outwash 

and  colluvium 

X 

X 

X 

X 

X 

9 

do. 

X 

X 

X 

X 

10 

Illinoian(?)  till 

o 

X 

X 

X 

1 1 

do. 

X 

X 

X 

X 

12 

do. 

X 

X 

X 

X 

X 

13 

pre-Illinoian(?)  till 

X 

X 

X 

X 

14 

pre-Illinoian(?) 

outwash(?) 

X 

X 

X 

X 

more  degraded  in  the  older  deposits  (less  intense  and  more  poorly  defined 
characteristic  2M  muscovite  peaks).  These  leatures  undoubtedly  represent 
the  ettects  of  more  prolonged  weathering  of  the  older  deposits.  The  disin- 
tegration of  chlorite  and  formation  of  kaolinite  and  the  degradation  of 
illite  were  noted  in  the  weathering  of  Lower  and  Middle  Devonian  rocks 
near  Kunkletown,  Pennsylvania,  7 miles  east  of  the  Palmerton  quad- 
rangle, by  Epstein  and  Hosterman  (1969).  Weathering  of  illite  to  form 
vermiculite  was  noted  in  tills  in  Ohio  (Wilding  and  others,  1969).  The 
clay  minerals  in  the  alluvium  in  the  Palmerton  quadrangle  were  un- 
doubtedly inherited  from  local  glacial  drift  and  weathered  bedrock, 
hence  their  diversity. 


STRUCTURAL  GEOLOGY 

The  structural  grain  in  the  Lehighton  and  Palmerton  quadrangles 
trends  about  N70E.  Eolds  are  the  dominant  structural  features;  faults 
are  of  regional  importance  but  are  subordinate.  Cleavage,  joints,  and 
some  lineations  are  important  minor  structures.  All  these  structural 
features  are  shown  on  the  geologic  map  and  cross  sections  (Plate  1) . 
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Earlier  workers  in  the  area  generally  depicted  the  structure  as  consist- 
ing ot  somewhat  simple  open  lokls  (Rogers,  1858;  Chance,  1882a;  Hill, 
1887:  Johnson  and  others,  llHll),  although  Behre  (1933)  correctly  illtis- 
trated  the  complicatetl  lolding  in  the  Martinsbnrg  Formation.  Epstein 
and  Epstein  (19()7,  1999)  showed  that  many  ol  the  rocks  in  easternmost 
Pennsylvania  are  parts  ol  lour  lithotectonic  units,  that  is,  tour  rock 
setjuences  having  dissimilar  lithology,  thickness  ol  the  component  torma- 
tions,  and  competency,  and  ha\ing  dillerent  styles  ot  detormation.  In  the 
Delaware  Water  Cap  area  to  the  east,  it  is  clear  that  each  ot  these 
sequences  has  been  detormed  semi-independent ly  ot  rocks  above  and 
below  (Epstein,  1973),  as  detachments  along  basal  shear  planes  and 
zones  (or  decollements)  separate  the  lithotectonic  units.  This  relation- 
ship extemls  to  the  Lehigh  River  where  the  strticture  is  more  complex. 
The  lithotectonic  units,  their  lithic  types  and  thicknesses,  and  styles  ot 
detormation  are  listed  in  I'able  13. 

Two  mechanisms  tormed  the  tolds:  (1)  flexural  folding,  in  which 
bedding  was  a determining  factor  and  in  which  movement  was  either 
by  slip  between  layers  (flexural  slip)  or  by  flow  within  layers  (flexural 
flow)  ; and  (2)  passive  folding,  in  which  movement  was  along  laminar- 
flow  planes  (passive  flow)  or  slip  planes  (passive  slip)  , and  in  w'hich 
bedding  was  passive  and  merely  indicates  deformation  in  the  direction 
ot  movement  (see  Donath  and  Parker,  1961).  Flexural-slip  folding  in  the 
area  is  characterized  by  extensive  de\elopment  of  bedding-plane  slicken- 
sides  and  by  maintenance  ot  constant  orthogonal  bedding  thickness  in 
all  parts  of  the  fold,  whereas  in  flexural-flow  folding,  thickness  perpen- 
dicular to  bedding  is  not  constant.  Passive  folds  have  the  shape,  or  form, 
of  similar  folds  and  constant  axial-plane  thicknesses  (the  length  between 
bedding  planes  measured  along  cleavage,  if  cleavage  is  parallel  or  sub- 
parallel to  the  axial  planes,  for  exanqrle)  are  generally  maintained.  If  the 
planes  of  movement  (the  cleavage  jrlanes)  are  macroscopically  di.scon- 
tinuous,  the  folding  is  by  passive  slip,  but  if  the  movement  planes  are 
so  closely  spaced  as  to  be  indistinguishable  to  the  unaided  eye,  the  fold- 
ing is  termed  passive  flowv 

The  spatial  and  age  relations  and  the  structural  features  that  were 
produced  during  the  various  orogenies  in  eastern  Pennsylvania  have  been 
discus.sed  and  argued  for  more  than  100  years.  Most  of  the  structures  in 
the  Lehighton  and  Palmerton  quadrangles  are  interpreted  to  be  of 
Appalachian  (late  Paleozoic)  age,  although  in  the  Martinsbnrg  Forma- 
tion these  may  be  siqrerimposed  upon  the  upright  limb  of  a large  com- 
plex regional  overfold,  the  Musconetcong  nappe,  that  was  a product  of 
the  Middle-Late  Ordovician  Taconic  deformation.  Taconic  orogenesis 
also  produced  the  coarse  Silurian  clastic  wedge  that  rests  unconformably 
on  the  Martinsbnrg.  Clastics  of  the  Catskill  Formation  and  younger 


Table  13.  Lithotectonic  Units  and  Decollements  in  the  Lehighton  and  Palmerton  Quadrangles 
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rocks  indicate  the  Devonian  Acadian  orogeny;  structural  evidence  is 
lacking  but  may  be  present  under  cover. 

In  the  following  pages,  Epstein  has  descrilied  the  decollcments  and 
structures  in  lithotectonic  unit  1 through  the  lower  part  of  unit  3,  and 
Sevon  has  descril:)ed  the  structures  in  the  upper  part  ot  lithotectonic 
unit  3 through  unit  4. 

DECOLLEMENTS 

Disharmonic  folding  was  caused  by  lithic  variations  within  each  litho- 
tectonic unit  (see  cross  sections  on  Plate  1)  . The  clilference  in  shortening 
betw'een  adjacent  lithotectonic  units  is  believed  to  have  been  taken  up 
in  incompetent  rocks  along  bounding  discontinuities  or  decollements 
(Epstein  and  Epstein,  1967,  1969;  Epstein,  1973)  . Movement  of  over- 
riding plates  on  the  decollements  was  to  the  northw’est,  as  interpreted 
from  fold  geometry  and  minor  structural  features.  Axes  of  many  folds 
do  not  cross  lithotectonic  unit  boundaries. 

Shortening,  in  competent  units  apparently  deformed  mainly  by  flexural 
slip,  was  measured  by  comparing  the  distance  between  two  points  along 
bedding  to  the  straight-line  distance  between  the  same  points  in  section 
as  described  by  Cloos  (1940)  . Shortening  averages  about  24  percent  in 
lithotectonic  unit  2,  about  42  percent  in  lithotectonic  unit  3,  and  about 
10  percent  in  lithotectonic  unit  4.  The  shortening  in  units  2 and  3 may 
be  nearly  twice  as  much  as  indicated  if  the  inferred  buried  syncline 
along  the  Sweet  Arrow  faidt  (see  cross  sections  B-B',  D-D',  and  E-E', 
Plate  1)  is  considered  in  the  computations.  Shortening  due  to  faulting 
was  not  considered. 

Wood  and  Bergin  (1970)  described  five  lithotectonic  units  in  the 
anthracite  region  of  eastern  Pennsylvania;  they  included  the  Lehighton 
and  Palmerton  quadrangles  in  the  eastern  part  of  their  area  of  discus- 
sion. Their  lithotectonic  unit  1 comprises  units  2 and  3 of  this  report, 
and  they  divide  lithotectonic  unit  4 of  this  report  by  decollements  near 
the  top  of  the  Mauch  Chunk  Formation  (Pottchunk  fault)  and  near  the 
bottom  (Mauchono  fault)  (see  also  Wood  and  others,  1969)  and  also  by 
structural  differences  above  and  below  the  base  of  the  Catskill  Formation. 

The  Blue  Mountain  decollement  separates  rocks  of  the  Martinsburg 
and  Shawangunk  Formations.  It  is  exposed  at  Lehigh  Gap  along  the  aban- 
doned Lehigh  and  New  England  Railroad  grade.  There,  the  decollement 
is  a zone  about  8 inches  thick  underlying  about  2 inches  of  unsheared 
Martinsburg  that  is  in  contact  with  the  overlying  Shawangunk  Forma- 
tion. From  bottom  to  top  the  zone  consists  of  slickensided  quartz  and 
sheared  slate  (2-3  inches  thick),  fault  gouge  of  Martinsburg  fragments  as 
much  as  2 inches  long  in  a clay  matrix  (2  inches  thick) , and  breccia  (3-4 
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inches  thick)  . In  tlie  slickensided  bed,  nortliwest  movement  ot  overriding 
beds  is  indicated  1)\  small  drag  folds  and  faults  (Figure  134)  and  by 
microscarps  or  steps  on  the  slickensided  surfaces.  Relations  betrveen  the 
slickensides.  drag  folds,  and  clea\age  indicate  that  the  cleavage  deseloped 
synchronoush  with  movement  on  the  decollement. 

It  is  impossible  to  determine  the  amount  of  displacement  on  the  Blue 
Mountain  dcicollement.  However,  based  on  inferences  from  the  Stony 
Ridge-Godtrey  Ridge  dcicollement  /one,  displacement  could  be  thousands 


Figure  134.  Negative  print  of  thin  section  from  2-  to  3-inch-thick  slickensided  interval 
in  Blue  Mountain  decollement,  8 inches  below  contact  of  Martinsburg  and 
Shawangunk  Formations,  along  abandoned  Lehigh  and  New  England 
Railroad  grade.  Northwest  is  to  the  left.  Dark  laminae  are  folded  and 
faulted  quartz  slickensides.  The  drag  folds  are  overturned  to  the  north- 
west and  displacement  of  upper  plates  on  small  faults  is  to  the  northwest, 
corroborating  the  movement  indicated  by  steps  on  slickensides.  Long 
dashes  are  traces  of  slaty  cleavage;  short  dashes  are  traces  of  slip  cleavage. 
Absence  of  slaty  cleavage  in  strain  shadow  at  trough  of  fold  (at  A)  and 
arching  of  cleavage  of  folded  northwest  limb  of  the  fold  suggest  that 
cleavage  developed  synchronously  with  and  slightly  earlier  than  the 
folding  but  during  the  same  deformation.  Politic  material  is  intruded 
through  the  quartz  slickensides  at  a steeper  angle  to  cleavage  in  the 
surrounding  shale  and  parallel  to  the  axial  planes  of  the  folds  (at  B). 
Note  divergent  fanning  of  cleavage  on  either  side  of  the  fold  trough. 
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ot  teet  or  ai.  niiicli  as  miles.  Laige  tlisplatemeiu  is  also  iiulitatetl  b\  the 
fact  that  the  source  lor  the  jrebbles  in  the  Shawaii.mink,  as  describetl 
under  the  section  on  environments  ol  deposition  oi  the  Shawangunk 
Formation,  could  not  have  been  entirely  the  undeilying  rocks.  I'his 
im|)lies  that  the  .Shawangunk  has  tiaceled  many  miles  away  Irom  its 
source  terrain  on  the  Blue  Mountain  decollement. 

The  sheared  rocks  in  the  decollement  are  weathered  dark-yellowish 
orange  (l()YR5/6),  reddish  brown  (10R3/‘l),  and  grayish  red  (.'rR'1/2)  . 
They  apparently  were  a /one  for  the  movement  ot  gTOund  water,  (day 
from  the  fault  gouge  was  X-rayed  and  found  to  contain  cpiart/,  musco- 
vite, and  kaolinite.  The  kaolinite  apparently  developed  by  weathering  at 
the  expense  of  chlorite,  which  is  present  in  unweathered  rock. 

1 he  .Stony  Ridge-Ciodtrey  Ridge  decollement  /one  separates  lithotec- 
tonic  units  2 and  3.  The  dramatic  change  in  told  geometry,  as  seen  on 
the  geologic  map  and  cross  sections,  takes  place  at  or  near  the  largely 
covered  Poxono  Island-Bloomsburg  contact,  but  wedging  and  bedding 
slip  in  the  Bloomsburg  Red  Beds  of  lithotectonic  unit  2 suggest  con- 
siderable northwest  movement.  As  was  described  by  Epstein  and  Epstein 
(1969)  and  will  be  described  under  lithotectonic  unit  2,  the  net  tele- 
scoping in  the  Bloomsburg  may  amount  to  thousands  of  feet  or  many 
miles. 

To  account  for  the  dilference  in  fold  geometry  between  lithotectonic 
units  3 and  4.  the  movement  on  the  WTir  Mountain  decollement  may 
have  been  taken  up  by  extensive  sliear  in  the  Marcellus  Formation.  WTll- 
develojjed  cleavage,  distorted  cleavage,  and  abundant  faults  in  exposures 
along  the  Northeast  Extension  of  the  Pennsylvania  Ttirnpike  attest  to 
this  shearing  (see  Figure  161)  . However,  as  will  be  discussed  later,  much 
of  this  deformation  may  be  related  to  the  .Sweet  Arrow  fault.  In  all 
likelihood,  the  Weir  Mountain  decollement  comes  to  the  surface  in  the 
core  of  the  Lehighton  anticline  where  cleavage  is  the  dominant  planar 
element  and  bedding  is  obscured  in  many  places.  A faulted  and  greatly 
thickened  section  of  the  Marcellus  Formation  was  encountered  in  the 
sidjsurface  about  2, ()()()  feet  south  of  the  crest  of  the  Lehighton  anticline 
in  the  Phillips  Petroleum  Company  exploration  well  No.  1 Graver  Estate 
(see  measured  section  24)  . This  indicates  that  the  Weir  Mountain 
decollement  and  possibly  imbricate  thrusts  that  have  .sheared  off  the 
decollement  are  present  in  the  subsurface.  The  .southeast-di])ping  faidt 
between  the  Beaverdam  Run  and  Long  Run  Members  of  the  Catskill 
Formation,  in  the  northwest  part  of  the  Lehighton  quadrangle,  may  be 
an  imbricate  fault  that  intersects  the  dcAollement  in  the  subsurface.  Im- 
mediately to  the  west  of  the  quadrangle,  G.  H.  Wood,  Jr.  (oral  com- 
mun.,  1972) , has  interpreted  the  fault  in  this  way. 

Several  other  explanations  for  the  disharmonic  relations  between  litho- 
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tectonic  units  2,  3,  and  4 are  possible.  First,  the  folds  in  lithotectonic 
unit  3 may  be  the  result  of  drag  on  the  Sweet  Arrow  fault,  as  can  be 
interpreted  from  Wietrzychowski  (1963b).  However,  these  folds  are  not 
considered  by  the  authors  to  residt  from  drag  along  a fault,  because  they 
do  not  die  out  southeast  of  the  hypothetical  fault.  This  is  evident  6 miles 
east  of  the  Palmerton  quadrangle  in  the  Kunkletown  area  where  the 
complex  folds  are  found  more  than  1 mile  southeast  of  the  position  of  the 
Sweet  Arrow  fault,  if  it  w'ere  extended  along  strike  to  that  place.  More- 
over, the  Sweet  .^rrow  fault  apparently  dies  out  west  of  Kunkletown. 

Kehle  (1970)  has  described  another  possibility  that  could  be  used  to 
interpret  lithotectonic  unit  3 as  a decollement  zone,  an  explanation 
whereby  the  movement  of  overlying  rocks  (lithotectonic  unit  4)  and 
underlying  rocks  (lithotectonic  unit  2)  is  taken  up  by  shear  within  the 
decollement  zone.  Another  possibility  is  that  there  has  been  no  relative 
movement  between  the  lithotectonic  units  and  that  the  disharmony  is 
the  result  of  buckling  of  a series  of  layers  of  different  competencies  or 
viscosities  (for  example,  Ramsay,  1967,  p.  380)  ; thus,  no  relative  differ- 
ences in  shortening  need  have  taken  place. 

The  interpretation  of  clecollements  separating  the  lithotectonic  units 
is  favored  over  the  last  two  alternative  possibilities  because  of  evidence 
of  northwest  movement  of  rocks  as  mentioned  above.  Also,  the  axial 
planes  of  parasitic  folds  that  develop  during  buckling  of  competent  units 
in  layers  of  variable  thickness  dip  away  from  the  crest  of  the  larger  fold 
to  which  they  are  satellitic  (Ramberg,  1964,  p.  322).  The  axial  planes 
of  the  fokis  in  lithotectonic  unit  3 do  not  have  this  relation  to  the  larger 
folds  in  lithotectonic  unit  4.  The  axial  planes  of  the  folds  everywhere 
dip  to  the  southeast,  except  where  they  are  warped  to  the  northwest. 
This  situation  is  clearer  to  the  east  in  the  Stroudsburg  area  where  the 
structure  is  not  as  complex  (Epstein,  1973)  . The  preferred  decollement 
hypothesis  is  also  in  harmony  with  similar  interpretations  in  the  Appa- 
lachians elsewhere  in  Pennsylvania  (Gwinn,  1964b,  1970;  Wood  and 
Bergin,  1970)  and  accepted  in  the  regional  synthesis  of  the  structure  of 
the  Valley  and  Ridge  province  of  eastern  Pennsylvania  by  Gwinn  (writ- 
ten commun.,  1967) . Fitzgerald  and  Braun  (1965)  and  Dahlstrom  (1969) 
presented  similar  examples  of  detachments  separating  units  of  different 
structural  styles  in  British  Columbia,  Canada. 

The  decollements  in  the  Lehighton  and  Palmerton  quadrangles  are 
folded  but  dip  to  the  northwest  on  a regional  scale.  No  obvious  root 
zone  is  known.  Therefore,  northwest  movement  into  the  Appalachian 
basin  may  have  been  primarily  by  gravitational  movement  from  uplifted 
areas  to  the  southeast,  although  it  was  probably  aided  by  northwest- 
directed  tectonic  forces. 
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" LITHOTECTONIC  UNIT  1 

01  The  Martinsburg  Formation  of  Ordovician  age  forms  lithotectonic 
;t;unit  1.  Folding  is  complex,  as  was  shown  by  many  w’orkers,  including 
fi  Sanders  (1883)  and  Behre  (1933).  Passive  folding  was  the  dominant 
!(■  mechanism  of  deformation,  although  bedding-plane  slickensides  are 
If  locally  offset  by  cleavage  (Figure  135),  indicating  that  the  Martinsburg 
.0  was  competent  enough  during  the  early  phases  of  folding  to  have  failed 
j by  flexural  slip,  whereas  later,  as  defoimation  (and  presumably  ductility) 
jj  increased  in  intensity,  the  rock  failed  plastically  with  the  development 
of  cleavage.  In  some  localities,  there  is  evidence  that  cleavage  may  have 
ji  develojaed  more  or  less  simultaneously  during  flexural  slip  (Figure  134)  : 
Jithis  indicates  that  not  all  of  the  Martinsburg  behaved  plastically  at  the 
JiSame  time. 


liFigure  135.  Bedding-plane  slickensides  (A)  and  laminated  calcareous  and  carbona- 
1 ceous  slate  (B)  offset  by  slaty  cleavage  (Si).  Note  the  coarser  cleavage  and 

! greater  offset  in  the  slickensides.  The  slickensides  are  composed  of  calcite 

j (dark  laminae)  and  pelitic  material  (lighter  laminae).  Some  pelitic  ma- 

terial  has  intruded  through  the  slickensides  into  the  surrounding  slate. 
The  relations  of  slickensides  and  cleavage  show  that  flexural-slip  folding 
;!  preceded  passive  folding.  Negative  print  of  acetate  peel  of  sample  from 

' the  Pen  Argyl  Member  of  the  Martinsburg  Formation,  quarry  of  Penn  Big 

Bed  Slate  Company,  6,000  feet  west  of  Rextown  and  300  feet  south  of  the 
j Lehighton  quadrangle,  in  the  Slatedale  quadrangle. 

i|  Axial  planes  of  the  folds  in  lithotectonic  unit  1 dip  on  the  average 
{about  50SE,  anti  the  axes  plunge  about  3°  S75W.  Slaty  cleavage^  is  the 
|*{  most  dominant  planar  feature,  although  it  is  less  prominent  than  bed- 
!|!  ding  within  a few  hundred  feet  of  the  overlying  Shawangunk  Formation. 
The  cleavage  fans  the  folds  from  a few  degrees  to  as  much  as  45°  (Figures 
2,136,137). 


’ Slaty  cleavage,  and  slip  cleavage  which  is  locally  developed,  in  lithotectonic  units  1-3 
is  discussed  under  a separate  heading  later  in  this  report. 
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Figure  136.  Cross  sections  of  folds  exposed  in  abandoned  slate  quarries  in  the  Pen 
Argyl  Member  of  the  Martinsburg  Formation  (lithotectonic  unit  1)  in  the 
Palmerton  quadrangle,  showing  fanning  of  slaty  cleavage  (dashed  lines). 
A.  Gem  quarries,  2,600  feet  southeast  of  Danielsville,  25°  fan;  B.  Parry 
and  unnamed  quarry,  4,300  feet  northeast  of  Bassards  Corner,  2°  fan; 
C.  Rudolf  quarry,  4,800  feet  west  of  Berlinsville,  12°  fan;  D.  Fullmer 
quarry,  1,300  feet  north  of  the  Third  Ward  School  in  Slatington,  45°  fan. 


Slaty  cleavage  may  not  fan  a fold  symmetrically  because  limbs  were 
differentially  rotated  during  later  stages  of  development  so  as  to  alter 
the  original  shape  of  the  fold.  The  rate  and  direction  of  movement 
along  the  flow  lines  or  plands  of  transport  (the  cleavage  planes)  may  not 
be  constant  with  time,  resulting  in  disharmony  in  the  otherwise  similar 
folds.  As  shown  in  Figure  138,  the  overturned  limb  in  the  similar  fold 
(A)  may  migrate  by  unsteady  flow  toward  the  direction  of  the  retarded 
syncline  (B)  or  away  from  the  syncline  (C)  . At  the  same  time  that  the 
fold  in  C develops,  the  rate  of  flow  in  the  lower  limb  may  become  non- 
uniform,  resulting  in  folding  of  that  limb  while  the  upper  limb  is  being 
rotated  (D)  . Examples  of  the  fold  shown  in  Figure  138A  are  numerous 


Omp 


i 


feet  northeast  of  Rextown  in  the  southeast  corner  of  the  Lehighton  quadrangle.  Dashed  lines  in  cross  section  are  trace  of 
cleavage  which  fans  the  folds  through  an  angle  of  about  24°.  Geologic  symbols  are  the  same  as  for  the  geologic  map,  Plate  1. 
Photograph  of  southernmost  anticline  is  shown  in  Behre  (1933,  p.  309). 
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Figure  138.  Stages  in  development  of  disharmonic  similar  folds  by  changing  transport 
direction  and  rate,  as  discussed  in  text.  Dashed  lines  are  cleavage,  arrows 
indicate  flow  or  transport  directions,  length  of  arrows  indicate  relative 
amount  of  flow. 


(see  Figures  2 and  136A,  B,  C)  . Examples  of  the  fold  in  Figure  138B  are 
shown  in  Figures  136D  and  139.  Examples  of  clockwise  rotation  of  over- 
turned limbs,  as  depicted  in  Figure  138C,  are  found  in  outcrops  along 
the  Northeast  Extension  of  the  Pennsylvania  Turnpike  1,000  feet  east- 
northeast  of  Rextown  in  the  Lehighton  quadrangle  and  in  a borrow  pit 
1 mile  north  of  Walnutport  in  the  Palmerton  quadrangle.  The  structure 
in  the  borrow  pit  is  shown  in  Figure  140. 

The  conclusion  that  may  be  drawn  from  the  examples  above  is  that 
refolded  folds  may  form  by  unsteady  flow  and  synchronous  refolding,  as 
was  described  by  Wynne-Edwards  (1963) , and  not  necessarily  only  by 
fold  superposition  during  two  periods  of  orogeny,  as  may  be  interpreted 
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for  the  fold  pattern  in  Figure  HO.  T he  argunieni  against  two  distinct 
periods  ol  deionnation  tor  the  structural  relations  in  Figtire  HOB  is  that 
the  upper  linil)  of  the  fold  does  not  have  the  small  folds  superimposed 
on  it  as  does  the  lowei  limb.  Also,  an  argument  for  continuous  deforma- 
tion is  that  the  length  ol  beds  measured  along  cleavage  (the  "split”  of 
tpiarrymen)  is  fairly  constant  in  diherent  parts  of  an  individual  fold, 
which  is  to  be  expected  when  the  same  flow  lines  are  used  during  con- 
tinuous folding  (see  Carey,  lf)()2),  and  may  not  be  true  if  flow  lines  of 
sejiarate  deformations  are  at  an  appreciable  angle  to  each  other.  The 
“split”  and  orthogonal  thickness  of  beds  in  two  folds  shown  in  Figure 
1 lOA  is  given  in  Table  H. 

Faults  of  large  displacement  have  not  been  recognized  in  lithotectonic 
unit  1.  I'hey  may  be  present,  but  discontinuous  exposures  and  lack  of 
key  beds  woidd  preclude  their  recognition.  No  major  faults  appear  to 
have  ollset  the  contact  between  the  Pen  Argyl  and  Ramseyburg  Mem- 
bers. Two  small  high-angle  faults  have  been  observed.  One,  in  which  the 
shear  zone  containing  abundant  vein  cpiartz  is  5-8  feet  wide,  is  shown  on  |i 
Plate  1 along  the  Northeast  Extension  of  the  Pennsylvania  Turnpike 
just  south  ol  the  contact  with  the  Shawangunk  Formation.  The  other,  is 
just  south  of  the  Lehighton  cjuadrangle,  is  shown  in  Figure  2.  It 

1' 

Table  14.  Orthogonal  Thickness  of  Beds  and  Split  {Distance  Between 
the  Top  and  Bottom  of  a Bed  or  Beds  Measured  Along  Cleavage)  in  Two 

Folds  Shown  in  Figure  140. 


Orthogonal  thickness 
(in  inches) 

Split 

(in  inches) 

a 

3.0 

5.7 

Fold  1 

b 

5.3 

5.4 

c 

5.9 

5.9 

d 

1.7 

3.0 

Fold  ‘2 

e 

3.  1 

3.1 

f 

2.4 

3.1 

LITHOTECTONIC  UNIT  2 

T he  rocks  in  lithotectonic  unit  2 are  chiefly  competent  rigid  sandstone 
and  conglomerate  in  the  lower  ])art  (Shawangunk  Formation)  and  inter- 
bedded  sandstone  and  less  competent  siltstone  and  shale  in  the  upper 
part  (Bloomsburg  Red  Beds)  . The  unit  deformed  mainly  by  flexural 
slip,  and  bedding-plane  slickensides  are  abundant.  Slaty  cleavage  and 
commonly  a later  slip  cleavage  are  found  in  nearly  all  pelitic  rocks, 
(lleavage  fans  the  larger  folds,  as  seen  in  the  overall  map  patterns,  and 
the  smaller  folds  (Figure  HI)  . Mud  cracks,  which  are  abundant  in  the 
Bloomsburg  Red  Beds  (see  Figure  43)  , are  elongated  parallel  to  the 
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Figure  141.  Cleavage  fans  in  pelitic  rocks  of  the  Bloomsburg  Red  Beds  near  the 
sewage-disposal  plant  in  Palmerton.  Cleavage  traces  are  dashed  lines; 
solid  lines  are  bedding.  Cleavage  diverges  20°  and  43°  in  these  examples. 

structural  grain.  The  polygons  are  about  twice  as  long  in  the  b tectonic 
direction  as  they  are  in  a. 

Many  of  the  folds  in  lithotectonic  unit  2 are  recumbent  (see  cross 
sections,  Plate  1),  and  some  axial  planes  may  dip  to  the  northwest.  The 
basis  for  this  interpretation  is  that  overturned  beds  in  Blue  Mountain 
merge  fairly  rapidly  along  the  trend  of  the  mountain  into  upright  beds. 
If  the  axial  planes  of  the  folds  had  a moderate  to  steep  dip  to  the  south- 
east, then  overturned  and  upright  beds  woidd  appear  on  different  sides 
of  the  mountain  as  the  trace  of  the  axial  plane  emerged  along  its  plunge: 
but  this  is  not  the  case.  For  example,  upright  beds  are  mostly  exposed 
at  Lehigh  Gap,  but  beginning  about  900  feet  to  the  east  overturned  beds 
crop  out  or  are  interjneted  to  be  present  on  the  basis  of  topographic 
expression.  Similarly,  overturned  beds  are  found  at  Little  Gap,  whereas 
only  right-side-up  beds  are  found  1 rule  to  the  east. 

Some  of  the  beds  at  Little  Gap  are  rotated  more  than  180°  and  dip 
northwestward.  Figure  142  is  a detailed  cross  section  through  Blue 
Mountain  near  Little  Gap.  The  data  are  from  unpublished  mapping  in 
the  water  tunnel  for  the  city  of  Bethlehem,  Pennsylvania,  by  B.  L.  Miller. 
In  some  strongly  overturned  strata  in  the  Bloomsburg  Red  Beds,  cleav- 
age has  been  rotated  to  the  northwest. 

The  traces  of  the  axial  planes  of  these  recumbent  folds  are  not  shown 
on  the  geologic  map  because  of  the  difficulty  in  depicting  them  and 
becaiLse  of  scattered  exposures.  The  traces  would  trend  at  high  angles  to 
the  strike  of  Blue  Mountain.  This  may  be  compared  with  the  more  acute 
angle  for  more  upright  folds  in  the  mountain  about  16  miles  to  the  north- 
east in  the  Stroudsburg  quadrangle  (Epstein,  1973)  . 

Four  small  doubly  overturned  folds  were  mapped  east  of  Lehigh 
Furnace  Gap  in  the  Shawangunk  Formation.  The  rocks  in  beds  that  have 
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are  corrected  to  tunnel  direction.  Actual  dips  and  strikes  are  recorded  above  section.  All  dips  are  overturned  to  southeast 
except  northwest  dips  which  are  in  beds  that  have  been  rotated  more  than  180°.  Line  of  section  is  shown  on  Plate  1.  Modified 
from  unpublished  data  by  B.  L.  Miller  (1940). 
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been  rotated  more  than  180°  are  highly  sheared.  Pressure  solution  was 
extensive  in  the  sandstones  and  conglomerates  and  residted  in  deeply 
embayed  and  stylolitic  contacts  between  quartz  grains  (Figure  M3). 
Elsewhere,  grain  boundaries  are  not  as  penetrative  (see  photomicrographs 
of  rocks  in  the  Shawangunk  Formation  in  the  section  on  stratigraphy)  . 

The  folds  in  lithotectonic  unit  2 exposed  in  Lehigh  (lap  extend  down 
through  the  Blue  Mountain  decollement  into  the  Martinsburg  Forma- 
tion (see  cross  section  E-E',  Plate  1 ) . Chance  (1882b)  also  interpreted  the 
structure  in  this  way.  It  is  on  the  basis  of  this  relationship  that  the  more 
complex  recumbent  folds  in  lithotectonic  unit  2 to  the  east  are  depicted 
as  extending  into  the  underlying  Martinsburg  in  an  area  where  expo- 
sures in  the  upper  part  of  the  Martinsburg  are  absent  (see  cross  section 
G-G',  Plate  1).  It  is  possible,  however,  that  the  folds  in  lithotectonic 
unit  2 are  tighter  than  in  the  underlying  unit,  having  resulted  from 
sliding  of  the  rocks  in  the  Shawangunk  and  Bloomsburg  on  the  Blue 
Mountain  decollement  and  folding  of  these  rocks  independently  of  the 
rocks  below. 

No  major  faults  were  mapped  in  lithotectonic  unit  2 east  of  Lehigh 
Gap,  and  none  were  mapped  between  the  Palmerton  quadrangle  and 
Delaware  Water  Gap  20  miles  to  the  east.  A small  normal  fault  on  the 
east  side  of  Lehigh  Gap  ollsets  units  10  and  11  of  section  3 (Epstein 
and  Epstein,  1972,  p.  31-41)  in  the  Weiders  Member  of  the  Shawangunk 
Formation.  1 his  fault  dips  53SE  and  has  a displacement  of  about  10  feet. 

Major  faults  are  conspicuous  in  Blue  .Mountain  west  ot  Lehigh  Gap.  Fhe 
largest  one,  the  Lehigh  Furnace  Gap  fault,  has  been  mapped  for  more 
than  5 miles.  It  extends  from  under  cover  in  the  Martinsburg  Formation 
on  the  southwest  into  the  Bloomsburg  Red  Beds  east  of  the  Northeast 


Figure  143.  Photomicrograph  (crossed  polarizers)  showing  deep  penetration  contact 
along  stylolitic  seam  between  quartz  grain  with  strongly  undulose  extinc- 
tion on  the  right  and  grain  of  vein  quartz  on  the  left.  A thin  film  of  hematite 
lies  along  the  stylolite.  Conglomeratic  quartzite  in  the  M insi  Member  of  the 
Shawangunk  Formation,  1,400  feet  northeast  of  the  radio  tower  at  Lehigh 
Furnace  Gap. 
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Extension  ot  tlie  Pennsyhania  I'nrnpike  and  may  underlie  the  Lehigii 
River  for  an  unknown  distance  to  the  northeast.  Maximum  displace- 
ment is  about  1,000  feet.  Beds  southeast  of  the  fault  have  been  rotated 
more  than  180°  in  places,  forming  synformal  anticlines  and  antiformal 
synclines  (see  cross  section  C-C')  , and  cleavage  in  the  Bloomsburg  Red 
Beds  at  the  north  portal  of  the  Northeast  Extension  of  the  Pennsylvania 
Turnpike  has  been  rotated  to  the  northeast.  These  features  suggest 
thrusting  of  the  overturned  limb  of  a fairly  tight  fold.  The  Lehigh 
Eurnace  Gap  fault  and  its  offshoot  at  Lehigh  Eurnace  Gap  dip  to  the 
northwest,  judging  from  the  geometry  of  the  beds  that  are  cut  off  and 
the  relations  of  the  trend  of  the  faults  to  topography.  The  maiir  fault  is 
steeper  and  perhaps  nearly  vertical  at  Lehigh  Eurnace  Gap  and  appears 
to  have  been  rotated  abotit  a vertical  axis  there  after  it  formed  or  during 
the  later  stages  of  its  formation.  The  best  places  to  see  cutting  out  of  beds 
are  in  the  Lehigh  Eurnace  Gap  area  and  along  the  telephone  line  1 mile 
east  of  the  gap  where  southeast-dipping  overturned  beds  of  the  Weiders 
Member  of  the  Shawantjunk  Eormation  are  in  coirtact  with  the  Lizard 
Greek  Member. 

Northwest  movement  of  rocks  in  the  Bloomsburg  Red  Beds,  part  of  the 
Stony  Ridge-Godfrey  Ridge  decollement  zone,  is  indicated  by  abundant 
bedding-plane  slickensides  (Eigtire  45)  and  wedges  (Eigure  144) . These 
feattires  are  well  exposed  in  near-vertical  beds  in  Lehigh  Gap  (Eigure  48)  . 
4 he  slickensides  are  in  intervals  as  much  as  1 inch  thick  which  consist 
of  sheared  vein  quartz  and  chlorite  and  which  contain  pelitic  fragments 
from  the  stirrounding  rock.  Bedding  in  the  fragments  is  at  all  angles  to 
local  bedding,  l ire  fragments  also  contain  disoriented  cleavage,  proving 
that  the  development  of  slickensides,  at  least  partly,  postdates  cleavage 
development.  Small  steps  or  microscarps  on  nearly  all  slickensided  sur- 
faces clearly  show  that  movement  of  overriding  beds  was  dowmdip  to  the 
northwest,  not  updip  as  would  be  expected  if  the  slickensides  were  due  to 
flexural-sli])  folding.  1 his  northwest  movement  is  corroborated  by  the 
wedges  and  drag  of  cleavage  (Eigure  145) . Only  two  wedges  at  Lehigh 
Gap  were  seen  that  exhibit  a reverse  sense  of  movement  (Eigtires  145D 
and  E)  . These  appear  to  have  developed  by  movement  of  material  out 
of  folds  above  the  slip  stirfaces  and  do  not  detract  from  the  proof  of 
overall  direction  of  transport. 

I'he  amount  of  movement  on  one  bedding-slip  plane  can  be  estimated 
by  accumulating  the  displacement  in  all  wedges.  The  net  telescoping  in  the 
Bloomsburg  was  certainly  thousands  of  feet,  if  not  as  much  as  some  miles 
(Epstein  and  Epstein,  1969,  p.  184).  This  estimate  was  arrived  at  by 
multiplying  the  number  of  bedding-slip  surfaces  in  the  Bloomsburg  (128 
were  counted  in  the  990  feet  of  rock  that  is  exposed  at  Lehigh  Gap)  by 
the  estimated  freqtiency  of  wedges  along  a single  bedding-slip  surface  in 
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Figure  144.  Wedge  in  the  Bloomsburg  Red  Beds,  Lehigh  Gap,  in  roadcut  along  Pa. 

Route  248,  about  1,300  feet  north  of  Aquashicola  Creek.  Bottom  of  sand- 
stone bed  just  above  hammer  is  slickensided.  The  sandstone  moved 
downdip  to  the  northwest  as  indicated  by  steps  in  the  slickensides.  This 
direction  of  movement  is  corroborated  by  the  wedge  to  the  left  of  the 
hammer  and  by  northwest  dragging  of  the  moderately  dipping  southeast 
cleavage  at  the  slickensided  surface.  Compare  with  Figure  145A. 

the  updip  direction,  and  by  the  estimated  amount  of  displacement  per 
wedge  (it  was  assumed  that  there  was  2 feet  of  displacement  for  every 
100  feet  along  a slip  surface  in  the  dip  direction,  but  some  wedges  were 
seen  20  feet  apart  with  displacements  of  2 feet  each)  . 7'he  distance  along 
which  the  beds  dip  to  the  northwest  creating  the  necessary  slope  for 
sliding  to  liave  occurred  is  at  least  1 mile  and  may  be  more  than  4 miles 
(see  cross  section  E-E',  Plate  1) . 

The  estimated  disjtlacement  parallel  to  bedding  may  not  be  unreason- 
able. .\s  discussed  under  the  section  on  decollements,  the  rocks  in  litho- 
tectonic  unit  3 have  shortened  considerably  more  than  the  rocks  in 
unit  2.  The  greater  shortening  was  taken  up  along  the  Stony  Ridge- 
Godfrey  Ridge  decollement  zone,  and  the  slijtpage  seen  in  the  Blooms- 
burg reflects  that  movement. 

In  one  outcrop  ol  the  Bloomsburg  on  the  north  slope  of  Blue  Moun- 
tain northeast  of  Little  Cfa|j,  where  the  beds  are  overturned  and  dip  less 
than  30°  southeast,  slickensides  indicate  that  the  overlying  beds  moved 
to  the  southeast.  This  suggests  that  sliding  ceased  after  the  folds  were 
overturned,  residting  in  normal  flexural  slip.  It  is  possible  that  the  north- 
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Figure  145.  Diagrammatic  sketches  of  wedges,  bedding-slip  surfaces,  and  dragged 
cleavage  (traces  of  which  are  shown  as  dashed  lines)  in  the  Bloomsburg 
Red  Beds  at  Lehigh  Gap. 
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west-dipping  tiirusts,  described  previously,  developed  at  this  time  to 
accommodate  the  northwest  transport  of  the  rocks. 

Uplift  and  folding  created  the  necessary  northwest-dipping  slope  lot- 
sliding  to  develop.  Sliding  partly  postdated  cleavage  development,  as 
indicated  by  cleavage  drag  at  Lehigh  Gap.  Locally,  however,  cleavage 
wrinkles  bedding  slickensides,  showing  that  folding,  cleavage  develop- 
ment, and  sliding  were  overlapping  events.  They  probably  developed 
during  one  continuous  period  of  deformation,  and  their  sequential  order 
may  have  varied  from  place  to  place  due  to  differences  in  local  stress 
conditions. 


LOWER  PART  OF  LITHOTECTONIC  UNIT  3 

The  heterogeneous  LIpper  Silurian  to  Middle  Devonian  rocks  that 
make  up  lithotectonic  unit  3 are  complexly  folded,  so  much  so  that  early 
interpretations  attributed  many  of  the  structural  anomalies  to  faults 
(Chance,  1882a:  Hill,  1887;  Brown  and  Roedder,  1941).  Faults  are 
present  locally,  but  Dyson  (1956)  first  correctly  interpreted  the  complex 
overturning  in  the  area  (Figure  146). 

Most  of  the  folds  in  lithotectonic  unit  3 plunge  southwestward.  Over- 
turned beds  may  pass  abruptly  into  recumbent  limbs  or  lindts  rotated 
more  than  180°  (Figure  146),  giving  the  impression  that  the  fold  col- 
lapsed under  its  own  weight.  Hence,  the  term  “flap"  (after  Harrison  and 
Falcon,  1936,  as  modified  by  Sitter,  1956,  p.  274)  may  be  applied  to  these 
folds.  Cleavage  in  some  flap  folds  has  been  rotated  to  the  northwest 
along  with  the  bedding,  as  reported  along  the  Northeast  Extension  of 
the  Pennsylvania  Turnpike  by  Dyson  (1956)  and  seen  in  the  Buttermilk 
Falls  Limestone  in  clay  pits  of  the  Universal  Atlas  Cement  (Company, 
6 miles  to  the  east  in  the  Kunkletown  c]uadrangle.  This  refolding  may 
have  been  part  of  continuous  deformation  and  occurred  after  the  early 
folds  became  too  tight  to  deform  around  the  same  axis.  Movement  was 
probably  taken  up  by  unsteady  flow  or  slip  in  the  encompassing  ductile 
units  (the  Poxono  Island  and  Marcellus  Formations)  . 

The  folds  in  lithotectonic  tinit  3 appear  to  follow’  the  form  surface 
defined  by  lithotectonic  unit  2 and  not  that  which  is  defined  by  litho- 
tectonic unit  4.  This  is  supported  by  data  from  the  New  Jersey  Zinc 
Company  w’ater  w’ell  shown  in  cross  section  P'-F',  w’hich  clearly  shows 
that  the  folds  in  unit  3 follow  the  southeast  overturned  dip  in  the  under- 
lying Bloomsburg  Red  Beds  and  not  the  northw’est  dips  in  unit  4.  It  is 
upon  this  geometric  relation  betw'een  lithotectonic  units  3 and  4 that 
the  existence  of  the  Sw-eet  Arrow'  fault,  to  be  discussed  below,  is  based. 
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Cleavage  is  common  in  pelites  and  pelitic  limestones  in  the  lower  part 
of  lithotectonic  unit  3.  Cleavage  may  be  concentrated  in  shaly  fdlings 
between  mud-crack  coltimns.  The  mud-crack  polygons  have  been  tectoni- 
cally compressed  (Figtires  53  and  61)  . 


SMALL-SCALE  STRUCTURES  IN  PRE-ORISKANY  ROCKS 

Linear  and  planar  elements  are  ntimerous  in  rocks  of  lithotectonic 
units  1-3.  Lineations  include  slickensides,  axes  of  folds,  intersections 
of  bedding  and  cleavage,  and  intersections  of  cleavage  and  cleavage. 
Planar  structures  incltule  joints,  bedding,  slaty  cleavage,  and  slip  cleavage. 

Slickensides 

Bedding-plane  slickensides  are  common  in  lithotectonic  unit  2,  less 
common  in  unit  1,  and  not  seen  in  the  lower  part  of  unit  3 because  of 
poor  exposures.  They  are  plotted  on  the  geologic  map  (Plate  1)  and 
fabric  diagram  (Figure  147)  . With  few  exceptions,  as  discussed  under 
lithotectonic  unit  2 above  and  in  Figure  134,  the  overriding  beds  moved 


Figure  147.  Equal-area  projection  (lower  hemisphere)  of  bedding-plane  slickensides 
in  lithotectonic  unit  1 (triangles)  and  lithotectonic  unit  2 (circles)  in  the 
Lehighton  and  Palmerton  quadrangles.  Dashed  arrow  is  mean  trend  in 
lithotectonic  unit  1 (N67W);  solid  arrow  is  mean  trend  in  lithotectonic 
unit  2 (N68W). 
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to  the  northwest.  In  the  Martinsburg  Formation  at  Lehigh  Gap,  slicken- 
sides  become  more  abundant  as  the  contact  with  the  Shawangunk  Forma- 
tion and  the  Blue  Mountain  decollement  is  approached  (Epstein  and  1 
Epstein,  1969,  p.  182).  As  shown  in  Eigure  147,  the  mean  trend  of  the  i 
slickensides  in  units  1 and  2 is  N67-68W,  suggesting  a common  stress  |s 
direction  for  both.  'l 


Intersections  of  Bedding  and  Cleavage 

Measurements  of  the  intersection  of  bedding  and  slaty  cleavage  were 
made  directly  where  bedding  and  cleavage  are  well  defined.  Where 
bedding  or  cleavage  are  irregular,  the  intersections  were  computed  with 
a stereographic  net.  These  intersections  approximate  the  trend  of  the 
axes  of  the  folds  in  which  they  occur,  but  it  can  be  shown  geometrically  ' 
that  there  is  some  variation  from  this  trend  if  there  is  any  fanning  of  the 
cleavage;  that  is,  if  the  cleavage  is  not  parallel  to  the  axial  surface  of  the 
fold  in  all  parts  of  the  fold.  Cleavage  in  all  rocks  in  the  Lehighton  and 
Palmerton  cpiadrangles  fans  the  folds  to  some  extent,  but,  nevertheless, 
bedding-cleavage  intersections  give  an  approximation  of  axial  trends. 
Eigure  148  shows  that  the  maxima  of  fabric  diagrams  of  these  lineations 
are  similar  for  lithotectonic  units  1 and  2.  The  same  is  true  for  the  four 
lithotectonic  units  in  the  Stroudsburg  area  to  the  east  (Epstein,  1971). 
Flowever,  the  lineations  in  the  Martinsburg  Eormation  (lithotectonic 
unit  1)  appear  to  have  been  rotated  to  the  south  as  indicated  by  the 
girdles  in  Eigure  148A  and  B.  This  apparent  rotation  may  be  due  either 
to  refolding  of  an  earlier  generation  of  folds  and  their  associated  cleavage 
(in  which  case  the  cleavage  would  also  be  rotated)  or  to  imposition  of 
cleavage  during  a later  generation  of  folding  on  earlier  formed  folds  (in  i 
which  case  the  cleavage  would  not  be  rotated,  but  bedding  would  show 
signs  of  pre-cleavage  folding)  . Figure  149  is  a plot  of  bedding,  cleavage, 
and  intersections  of  bedding  and  cleavage  selected  from  those  localities 
that  make  up  the  anomalous  girdle  in  Figure  148.  By  comparing  the 
cleavage  plot  with  that  in  Figure  154  and  the  bedding  plot  with  that 
in  Figure  153,  it  is  clear  that  there  has  been  no  rotation  of  cleavage  and 
that  bedding  defines  an  earlier  generation  of  folds  that  plunge  more 
southerly  than  the  later  generation  of  folds.  The  earlier  folds  are  believed 
to  have  formed  during  the  Taconic  orogeny,  and  the  later  folds  are 
believed  to  have  formed  during  the  Appalachian  orogeny. 

Intersections  of  Cleavage  and  Cleavage 

In  many  localities,  slaty  cleavage  is  wrinkled  by  slip  cleavage,  and  the 
trend  of  the  intersection  of  the  two  cleavages  approximates  the  trends 
of  the  axes  of  the  small  wrinkles.  The  average  trend  of  these  intersections 
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in  lithotectonic  unit  1 (maximum  is  5°,  S74W  in  Figure  150)  is  very 
■ similar  to  the  trends  of  the  earlier  fold  intersections  shown  in  Figure  148. 
i jThe  trends  of  these  inteusections  in  lithotectonic  unit  2 appear  to  be 
Elmore  southerly,  but  too  few  intersections  were  recorded  for  this  to  be 
> i significant.  These  lineations  are  probably  present  in  lithotectonic  unit  3, 
but  none  were  seen  because  of  poor  exposures. 

N N 


N 


Figure  148.  Equal-area  projections  (lower  hemisphere)  of  intersections  of  bedding 
(So)  and  cleavage  (Si).  Contour  interval  6 percent  per  1 percent  area. 

A.  Lithotectonic  unit  1,  Lehighton  quadrangle,  maximum  at  5°,  S71W. 

B.  Lithotectonic  unit  1,  Palmerton  quadrangle,  maximum  at  2°,  S78W. 

C.  Lithotectonic  unit  2,  Lehighton  and  Palmerton  quadrangles,  maximum 
at  6“,  S73W. 
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Figure  149.  Equal-area  projections  (lower  hemisphere)  of  intersections  of  bedding 
(So)  and  cleavage  (SQ,  poles  to  cleavage,  and  poles  to  bedding  in  the 
Martinsburg  Formation  (lithotectonic  unit  1),  selected  from  points  that 
lie  south  of  the  concentration  of  points  that  surround  the  maxima  in 
Figure  MSA  and  B.  Contour  interval  12  percent  per  1 percent  area  for 
A,  B,  and  D,  and  6 percent  per  1 percent  area  for  C.  A.  Bedding  in  the 
Lehighton  quadrangle.  Dashed  contours  are  overturned  beds,  solid  con- 
tours are  upright  beds;  solid  line  is  girdle  defined  by  poles  to  bedding  in 
this  projection;  dashed  line  is  girdle  from  Figure  153A  defined  by  poles 
to  all  measured  bedding  attitudes  in  the  Lehighton  quadrangle;  solid 
circle  is  fold  axis  defined  by  girdle  in  this  projection.  B.  Intersection  of 
bedding  and  cleavage  (dashed  contours)  (maximum  at  25°,  S37W)  and 
cleavage  (solid  contours),  Lehighton  quadrangle.  Solid  line  is  girdle  from 
Figure  MSA  defined  by  all  bedding-cleavage  intersections  measured  in  the 
quadrangle;  solid  circle  is  maximum  from  Figure  MSA;  triangle  is  maxi- 
mum of  cleavage  from  Figure  154A.  C.  Bedding  in  the  Palmerton  quad- 
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Figure  150.  Equal-area  projection  (lower  hemisphere)  of  intersections  of  slaty  cleavage 
(Si)  and  slip  cleavage  (S.).  Contours  are  intersections  in  the  Martinsburg 
Formation  ( lithotectonic  unit  1).  Contour  interval  12  percent  per  1 percent 
area;  n = 23;  maximum  at  5°,  S74W.  Solid  triangles  are  intersections  in 
lithotectonic  unit  2. 


Joints 

I'hese  ])lanai  features  can  l^e  related  to  folds  as  cross,  longitudinal,  and 
oblicjue  joints.  Tliey  are  smooth  to  rough,  planar  to  slightly  cur\ed  Irac- 
tures  generally  several  feet  to  tens  of  feet  lotig.  Oalcite  or  (juart/  tnay  line 
some  johits.  There  getietally  has  beeti  no  recogni/able  tiiovetnetit  alotig 
joitits,  but  iti  a few,  displacemetit  of  a tew  itiches  has  Iteeti  noted.  Fabric 
dia, grams  of  joints  iti  lithotectotiic  utiit  I througlt  the  lower  part  ot  unit  9 
(Figures  1.51  atid  152)  show  tliat  cross  (ac)  joittts  are  tlte  tnost  timnerous. 
Their  approximate  strikes  lie  betweeti  N50-75\V.  Longitudinal  (be) 


rangle.  Dashed  contours  are  overturned  beds,  solid  contours  are  upright 
beds;  solid  line  is  girdle  defined  by  poles  to  bedding  in  this  projection; 
dashed  line  is  girdle  from  Figure  153B  defined  by  poles  to  all  measured 
bedding  attitudes  in  the  Palmerton  quadrangle;  solid  circle  is  fold  axis 
defined  by  girdle  in  this  projection.  D.  Intersection  of  bedding  and 
cleavage  (dashed  contours)  (maximum  at16'’,S58W)  and  cleavage  (solid 
contours),  Palmerton  quadrangle.  Solid  line  is  girdle  from  Figure  148B 
defined  by  all  bedding-cleavage  intersections  measured  in  the  quadrangle  ; 
solid  circle  is  maximum  from  Figure  1 48B ; triangle  is  maximum  of  cleavage 
from  Figure  154B. 
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Figure  151.  Equal-area  projections  (lower  hemisphere)  of  poles  to  joints  in  the 
Martinsburg  Formation  (lithotectonic  unit  1).  A.  Joints  in  the  Lehighton 
quadrangle;  contour  interval  4 percent  per  1 percent  area;  area  between 
4 and  8 percent  stippled.  B.  Joints  in  the  Palmerton  quadrangle;  contour 
interval  2 percent  per  1 percent  area;  area  between  2 and  4 percent  stip- 
pled. C.  Grain  in  the  Palmerton  quadrangle;  contour  interval  4 percent 
per  1 percent  area. 


joints  trend  about  N2()-30W  in  lithotectonic  unit  2 (Figure  152A  and  B) 
and  N15-25W  in  unit  1 (Figure  151A  and  B)  . A complex  of  oblique  joints 
is  present  in  the  less  competent  rocks  of  unit  1.  Few  joints  are  exposed 
in  the  lower  part  of  unit  3,  but  those  that  were  measured  indicate 
prominent  cross  joint  sets  and  weaker  longitudinal  joint  sets  (Figure 
152C)  . 
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Figure  152.  Equal-area  projections  (lower  hemisphere)  of  poles  to  joints  in  litho- 
tectonic  units  2 and  3.  A.  Joints  in  lithotectonic  unit  2,  Lehighton  quad- 
rangle; contour  interval  2 percent  per  1 percent  area;  area  between  2 and 
4 percent  stippled.  B.  Joints  in  lithotectonic  unit  2,  Palmerton  quadrangle ; 
contour  interval  2 percent  per  1 percent  area;  area  between  2 and  4 
percent  stippled.  C.  Joints  in  the  lower  part  of  lithotectonic  unit  3,  Lehigh- 
ton and  Palmerton  quadrangles. 


Figure  151C  shows  the  grain  in  the  slates  ot  tlie  Martinsburg  Forma- 
tion in  the  Palmerton  quadrangle.  Grain  ("sculp”  of  quarrymen)  is  a 
direction  of  easy  fracturing  of  slate  apjoroximately  at  right  angles  to 
cleavage  and  bediling,  generally  in  the  downdip  direction  of  the  slaty 
cleavage.  The  direction  of  splitting  is  believed  to  be  controlled  by  the 
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elongation  ot  prismatic  minerals,  mainly  quartz,  in  the  direction  of 
tectonic  transport  (the  a direction)  (for  example.  Dale  and  others,  1911;  1 
Behre,  1933;  Broughton,  1946).  I'hns,  the  grain  is  generally  curved  and 
the  dip  is  irregular,  although  the  strike  is  consistent  in  a given  outcrop. 

Grain  is  important  in  removing  slate  from  quarries.  Fractures  parallel 
to  it  form  readily  during  blasting,  and  the  sides  of  many  quarries  parallel 
the  grain,  dire  grain  direction  is  determined  in  the  field  by  hitting  the 
rock  flat  on  the  cleavage  and  measuring  the  fracture  produced.  Dale  and 
others  (1914)  noted  that  the  grain  is  not  perpendicular  to  the  strike  of 
cleavage  in  many  slate  districts,  and  this  appears  to  be  true  in  the 
Palmerton  quadrangle  where  the  grain’s  mean  strike  is  N22W  with  a 
secondary  peak  at  N37\V.  The  mean  cleavage  strike  is  N78E  (see  Figure 
154B).  The  main  maximum  for  grain  is  thus  off  10°  from  the  per- 
pendicular to  the  cleavage  strike.  This  may  be  due  to  later  rotation  of 
the  grain,  but  the  mechanical  significance  of  this  is  not  clear. 

Bedding 

Bedding  is  the  primary  jrlanar  structure  and  is  used  to  define  the 
geometry  of  folds.  The  characteristics  of  the  folds  have  been  described 
under  the  lithotectonic  units,  and  their  geometries  may  be  further  studied 
by  plotting  bedding  on  equal-area  nets  (Figure  153) . The  girdles  defined 
by  the  poles  to  bedding  indicate  the  mean  plunge  of  the  folds  (/?) . The 
plunges  are  similar  in  all  units  and  average  3°-9°,  S66-77W.  These  plunges 
are  similar  to  the  maxima  for  intersections  of  bedding  and  cleavage 


Figure  153.  Equal-area  projections  (lower  hemisphere)  of  poles  to  bedding  (So). 

Contour  interval  3 percent  per  1 percent  area.  Solid  contours  are  upright 
beds,  dashed  contours  are  overturned  beds  (northwest-dipping  over- 
turned beds  in  E have  been  rotated  more  than  180°).  Solid  lines  are 
girdles  defined  by  poles  to  bedding  in  B and  C,  and  the  solid  circles  are 
fold  axes  (/f).  In  A,  D,  and  E,  upright  and  overturned  beds  define  different 
girdles  and  the  solid  lines  are  girdles  for  upright  beds  (solid  circles  show 
the  fold  axes,  /f,.),  and  short-dashed  lines  are  girdles  for  overturned  beds 
lopen  circles  show  the  fold  axes,  jiu).  Long-dashed  line  in  A is  the  girdle 
for  earlier  folds  in  the  Martinsburg  Formation  shown  in  Figure  149A,  in 
B it  is  the  girdle  for  earlier  folds  in  the  Martinsburg  Formation  shown 
in  Figure  149C,  and  in  C it  is  the  girdle  for  later  folds  in  the  Shawangunk 
Formation  and  Bloomsburg  Red  Beds  (triangle  shows  the  later  fold  axes, 
d ).  Solid  lines  AP  in  A and  B are  attitudes  of  axial  planes  of  folds  derived 
from  their  average  pole  that  lies  midway  between  the  overturned  and  up- 
right limb  maxima.  A.  Lithotectonic  unit  1,  Lehighton  quadrangle.  B. 
Lithotectonic  unit  1,  Palmerton  quadrangle.  C.  Lithotectonic  unit  2, 
Lehighton  quadrangle.  D.  Lithotectonic  unit  2,  Palmerton  quadrangle. 
E.  Lithotectonic  unit  3,  Lehighton  and  Palmerton  quadrangles  (includes 
data  from  upper  part  of  unit  from  W.  D.  Sevon). 
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shown  in  Figure  148,  suggesting  that  the  cleavage  is  an  axial-plane  folia- 
tion and  synnneirically  fans  the  folds.  The  folds  are  not  purely  cylindrical  | 
because  in  some  units  upright  beds  and  overturned  beds  define  different  ii 
girdles  (Figure  153A,  D,  and  E)  . This  is  taken  to  indicate  rotation  of  the 
overturned  limbs  in  a slightly  different  direction  than  the  original  stress 
direction  that  initially  formed  the  folds  (for  example,  see  Figures  138  , 
and  139). 

The  tightness  of  the  folds  may  be  judged  by  the  angle  between  the 
limb  maxima  of  ujtright  and  overturned  beds.  This  is  statistically  possi- 
ble for  lithotectonic  unit  1 where  many  parts  of  many  folds  were  sam- 
pled. In  the  Lehighton  quadrangle,  the  angular  spread  of  the  limbs  is 
16°,  and  in  the  Palmerton  quadrangle  it  is  38°  and  shows  that  the  folds 
are  fairly  tight.  Flowever,  the  same  analysis  is  not  possible  for  lithotec- 
tonic unit  2 in  the  Lehighton  quadrangle,  becairse  most  of  the  exposed 
beds  are  in  overturned  limbs  of  the  folds,  and  a meaningful  maxima  for 
upright  Iteds  was  not  obtained  (Figure  153C),  nor  is  it  possible  for 
lithotectonic  unit  2 in  the  Palmerton  quadrangle  (Figure  153D)  because 
most  of  the  beds  exposed  in  that  unit  are  in  the  trough  and  upright 
limb  of  an  overtui  tied  syncline  (see  cross  section  E-E',  Plate  1)  . Likewise, 
the  tightness  ol  the  folds  cannot  be  determined  for  lithotectonic  unit  3 ‘ 
from  Eigure  153E,  because  of  few  exposures  of  rocks  in  that  unit  and 
because  of  complexly  warjied  axial  planes. 

Where  statistically  meaningful  maxima  of  fold  limbs  are  obtained, 
the  average  trend  ol  the  axial  planes  of  the  folds  can  be  determined  by 
plotting  the  great  circle  whose  jiole  lies  midway  between  the  limb  max- 
ima and  which  includes  the  fold  axes.  The  average  attitudes  of  axial 
planes  for  lithotectonic  unit  1 (N77-80E,  43-4,5,SE)  are  shown  in  Eigure 
l.')3.\  and  B.  These  attitudes  are  in  harmony  with  those  shown  in  the 
geologic  map  and  cross  sections  (Plate  1)  . Eigure  153D  suggests  that  the 
axial  planes  in  lithotectonic  unit  2 are  nearly  upright,  but  as  mentioned 
above,  most  of  the  |)lotted  beds  are  those  exposed  in  the  upright  beds  of 
an  incompletely  exposed  overturned  fold  at  Lehigh  Gap. 

Most  ol  the  folds  shown  in  the  fabric  diagrams  of  Figure  153  are  ' 
.A|tpalac hian  in  age,  but  the  girdles  of  bedding  in  folds  in  the  Martins- 
burg  Eormation  that  are  believed  to  be  Taconic  in  age  are  shown  in 
.‘\  and  B.  T hese  girdles  are  also  derived  in  Figure  149  and  discussed  under 
itucrsections  of  bedding  and  cleavage  above. 

In  Figure  153(i.  there  is  a similar  subsidiary  bedding  girdle  shown  in  I 
lithotec  tonic  unit  2,  but  this  folding  is  believed  to  be  a later  Appalachian 
ecent,  because  the  intersections  of  bedding  and  cleavage  apparently  have  i 
not  been  rotated  as  they  have  been  in  lithotectonic  unit  1,  as  discussed 
earlier.  This  later  rotation  ol  bedding  is  shown  near  Little  Gap  and  is 
discussed  under  lithotectonic  unit  2.  Thus,  the  history  of  deformation 


STRI  CTURAI.  GF.OI.OGY 


for  rocks  in  the  Lehighton  anti  Palnieiion  tjuadrangles  is  coinplit atetl, 
anti  at  least  three  jreriods  ol  folding  are  identified. 

CJeavage 

Most  pelitic  rocks  in  lithotectonic  units  1-3  have  a prominent  secondary 
foliation,  or  slaty  cleavage  (see  Figures  2-4,  .a,  6,  18,  24,  35,  41,  42,  44B, 
51-53,  58,  60,  67,  134-141,  144,  145).  second  slip  cleavage  is  locally 
developed  in  all  units  (see  Figures  31,  134,  139,  lor  example)  . Measured 
attitudes  of  these  cleavages  are  shown  in  FOgure  154.  Preliminary  dis- 
cussions of  cleavage  in  these  rocks  in  eastern  Pennsylvania  are  given  in 
Epstein  and  Epstein  (1967,  1969),  Epstein  (1971,  1973),  and  U.S.  Geo- 
logical Survey  (1969b,  1971) . Space  does  not  permit  a complete  discussion 
of  ongoing  studies  of  this  jtlanar  structure:  the  follow'ing  is  a terse  sum- 
mary of  conclusions  to  date. 

Microscopic  and  held  relations  of  the  cleaved  rocks  suggest  that  slaty 
cleavage  forms  by  laminar  flow  and  intrusion  of  pelitic  material  along 
anastomosing  folia  accompanied  by  mechanical  reorientation  of  platy 
and  elongate  minerals  and  by  new  mineral  growth.  Elongation  of  c|uart^ 
and  its  removal  from  cleavage  folia  results  from  corrosion  by  pressure 
solution  per[)endicular  to  the  cleavage  direction.  The  cleavage  folia  are 
separated  by  more  quartz-rich  areas  in  which  reorientation  of  platy 
minerals  and  dimensional  alignment  of  prismatic  minerals  has  not  taken 
place,  or  is  not  as  well  developed.  Numerous  lines  of  evidence  point  to 
the  conclusion  that  cleavage  developed  after  the  rock  was  indurated. 
Plasticity  increased  during  increased  tectonism  and  the  mobility  (intrti- 
sion  of  pelitic  and  sandy  material  along  cleavage  planes)  may  have  been 
aided  by  silica  derived  from  pressure  solution  and  derived  either  from 
connate  water  sc|ueezed  otit  of  the  rocks  during  tectonic  compaction  or 
by  the  release  of  water  from  hydrous  minerals  during  continued  deforma- 
tion. New  growth  of  quartz,  chlorite,  muscovite,  calcite,  and  probably 
albite  in  most  rocks  suggests  formation  of  cleavage  at  and  just  below  the 
limits  of  low-grade  metamorphism  (quartz-muscovite-albite-chlorite  sub- 
facies of  the  greenschist  facies) . 

Slip  cleavage  crenulates  earlier  foliations.  Transposition  of  minerals 
into  the  new'  cleavage  plane  is  common,  and  in  this  respect  it  is  similar 
to  slaty  cleavage.  It  is  also  similar  to  slaty  cleavage  in  that  new-  minerals 
may  grow'  parallel  to  the  cleavage  direction. 

I'hese  findings  disagree  with  several  aspects  of  the  concept  of  the 
origin  of  cleavage  by  tectonic  dew'atering  under  nonmetamorphic  condi- 
tions developed  for  the  Delaware  Water  Gap  area  by  Maxw'ell  (1962)  , 
although  they  do  not  rule  out  the  possibility  that  cleavage  may  have  been 
initiated  by  the  dewatering  mechanism. 

At  Lehigh  Gap  cleavage  appears  to  die  out  in  the  Martinsburg  Forma- 
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Figure  154.  Equal-area  projections  (lower  hemisphere)  of  poles  to  cleavage,  Si 

(A,  B,  and  C),  and  to  slip  cleavage,  S2  (D).  Contour  interval  6 percent  per  ■ * 
1 percent  area.  Heavy  lines  in  A and  B are  mean  attitudes  of  cleavage  li 


derived  from  the  maximum.  A.  Cleavage  in  lithotectonic  unit  1,  Lehighton  | jj 
quadrangle,  maximum  at  N76E,  52SE.  B.  Cleavage  in  lithotectonic  unit  1,  | 

Palmerton  quadrangle,  maximum  at  N78E,  50SE.  C.  Cleavage  in  litho-  | *• 
tectonic  unit  2,  Lehighton  and  Palmerton  quadrangles  (most  northwest-  || 
dipping  cleavage  is  in  the  Shawangunk  Formation).  D.  Slip  cleavage  in 
lithotectonic  unit  1 (contoured,  n = 27)  and  in  lithotectonic  unit  2 (solid  ‘ 
circles),  Lehighton  and  Palmerton  quadrangles  (arrow  shows  mean  strike 
of  all  slip  cleavages).  ( 
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tion  as  the  contact  witli  the  Shawangunk  Formation  is  ap|n oached;  this 
was  tlescriljecl  Ijy  Epstein  and  Epstein  (l!)(i9,  p.  IS2).  Elowever,  micro- 
scopic examination  shows  that  the  legional  sontheast-di|)ping  cleavage 
is  present  in  many  oi  the  beds  near  the  contact,  althotigh  it  is  generally 
poorly  developed.  In  addition,  there  is  a near-vertical  slip  cleavage  with- 
in a lew  leet  of  the  contact  (Figtne  134).  In  the  Martinsbtirg  at  this 
locality  there  is  a second  slaty  cleavage  which  dips  less  steejdy  than 
bedding  and  which  has  sandstone  dikes  snb])arallel  to  it.  I'his  slaty  cleav- 
age parallels  a similar  cleavage  in  pelites  in  the  overlying  Shawangimk. 
The  dikes  are  interpreted  to  ha\e  been  intruded  parallel  to  cleavage 
very  early  dttiing  cleavage  loiination  and  were  later  rotated  out  of 
parallelism. 


UPPER  PART  OF  LITHOTECTONIC  UNIT  3 

Stony,  Stone,  and  Cihestnut  Ridges  are  part  of  a complex  series  of 
southwest-pltinging  tijrright  and  overturned  third-order  folds  (Nickelsen, 
1963,  p.  16)  in  rocks  of  the  Ridgeley,  Schoharie-Esoptis,  and  Palmerton 
Formations.  The  complexity  of  the  folds  is  indicated  by  the  outaop 
pattern  in  Plate  1,  in  the  block  diagrams  in  Figure  157,  and  in  Figures 
155,  156,  and  158.  The  largest  and  best  exposed  fold  occurs  between 
Palmerton  and  Bowmanstown  and  was  first  |iroperly  interpreted  by 
Dyson  (1956)  (see  Figure  146)  . 

The  folds  plunge  to  the  southwest  and  have  an  average  axial  trend  of 
about  S67W  (range  S34-85\V0  . ;in  average  wavelength  of  2,500  feet  or 
less,  and  an  average  amplitude  of  1,500  feet  or  less. 

Rocks  in  the  .Stonv  Ridge  conijilex  show  little  evidence  of  the  in- 
tensity of  the  folding.  Joints  and  fractures  are  numerotis  in  the  Palmerton 
Formation  (see  section  on  small-scale  strtictures)  , generally  have  vein 
fillings  of  cpiartz,  or  less  commonly,  hematite,  and  may  have  slickensided 
surfaces.  However,  bedding  is  virtually  nonexistent  in  the  Palmerton, 
and  no  evidence  of  movement  along  bedding-parallel  surfaces  has  been 
observed.  Althotigh  the  St hoharie-Esopus  Formation  has  numerotis  joint 
surfaces  also,  very  few  vein  fillings  or  slickensides  were  noted.  Of  par- 
tictilar  interest  is  the  apparent  lack  of  any  distortion  or  deformation  of 
the  fossils  present  in  the  tijrper  half  of  the  Schoharie-Esopus  or  the  many 
sedimentary  strticttires  in  the  lower  half  of  the  unit.  The  same  is  true  of 
the  Ridgeley  Eormation  wdiich  is  typified  by  bedding-plane  alignments 
of  apparently  undistorted  brachiopod  valve  molds. 

Several  fatilts  occur  in  lithotectonic  unit  3.  Offset  beds  .southwest  of 
Germans  indicate  a fatilt  of  tinknown  attitude  and  magnittide.  Several 
low'-angle  north-dipping  thrtist  faults  are  exposed  in  a quaiTy  north  of 
Palmerton  and  are  shown  in  Eigure  155.  The  two  larger  faults  strike 
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N78E  and  dip  59N  (Figure  155  shows  apparent  dip)  . Displacement  is 
estimated  to  be  6 to  10  feet.  A steep,  south-dipping  reverse  fault  of  un- 
known magnitude  intersects  an  overturned  fold  in  the  Butz  quarry 
north  of  Palmerton  (Figure  156)  . High-angle  faults  are  inferred  from 
repetition  of  the  Palmerton  Formation  at  Little  Gap;  an  interpretation 
of  the  faulting  there  is  presented  in  Figure  158. 


SCALE 


Figure  156.  Cross  section  of  Stony  Ridge  structure  at  the  Butz  quarry,  Palmerton. 

Unpublished  original  by  J.  F.  Wietrzyehowski.  Symbols  same  as  symbols 
on  Plate  1,  except  Dm  (Marcellus  Formation)  and  Dbf  (Buttermilk 
Falls  Limestone). 

LITHOTECTONIC  UNIT  4 

Three  asymmetrical  folds  are  the  dominant  structural  elements  in 
lithotectonic  unit  4.  I'hese  are  the  Weir  Mountain  syncline,  the  Lehigh- 
ton  anticline,  and  the  Mount  Pisgah  syncline.  They  trend  about  N7()E 
across  the  mapped  area  and  extend  beyond  the  boundaries  of  the  quad- 
rangle (Figure  159) . 

The  Weir  Mountain  syncline  (Plate  1,  Figure  159  and  cross  section 
A-A')  is  a major,  broad,  westward-plunging  fold  which  closes  near 
Saylorsburg  (about  10  miles  northeast  of  the  mapped  area)  and  opens 
and  loses  definition  in  the  region  of  the  Little  Schuylkill  River  (about 
14  miles  southwest  of  the  mapped  area)  (Figure  159)  . The  Weir  Moun- 
tain syncline  is  divided  into  two  parts  by  a small  anticline  which  forms 
a structural  platform  to  the  southwest  of  Dry  Tavern  (south  of  Lehigh- 
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Figure  157.  Structural  complexity  of  folding  in  Stony  Ridge  between  the  Lehigh  River 
and  Little  Gap.  Modified  from  an  unpublished  original  by  J.  F.  Wietrzy- 
chowski. 


ton)  . Between  Dry  Tavern  and  Saylorsburg  the  Weir  Mountain  is  a 
doubly  plunging,  canoe-shaped,  broad  synclinorium  which  attains  its 
maximum  width  (5  miles)  near  the  northeast  corner  of  the  mapped  area. 

Dips  on  the  south  flank  of  this  syncline  are  steep,  average  about  58° 
north  (range  14°-90°),  and  are  locally  overturned  as  much  as  30°  south. 
Dips  on  the  north  flank  of  the  fold  have  an  average  dip  of  33°  south 
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Figure  158.  Cross  section  of  Stony  Ridge  structure  at  Little  Gap.  General  line  of  the  cross  section  is  parallel  to  the  road  on  the  west  side 
of  Buckwha  Creek.  Modified  from  an  unpublished  original  by  J.  F.  Wietrzychowski.  Symbols  same  as  symbols  on  Plate  1 
except  Dm  (Marcellus  Formation)  and  Dbf  (Buttermilk  Falls  Lirnestonei. 
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(range  21°-70°).  Smaller  tolds  (presumably  symmetrical)  occur  within 
the  syncline,  but  lack  of  outcrop  prevents  delineation  of  these  folds 
except  along  the  Lehigh  River  north  of  Bowmanstown  (cross  section 
A- A') . 

Some  westward-plunging  and  asymmetrical  flexural-slip  folds  with  axes 
inclined  to  the  south  occur  on  the  south  flank  of  the  Weir  Mountain 
syncline  (Wietrzychowski,  1964).  These  folds  have  a steep  north-dipping 
flank  and  a gentle  south-dipping  flank.  Bedding-plane  slickensides  asso- 
ciated with  these  folds  indicate  movement  normal  to  the  fold  axis. 

The  crest  of  the  Lehighton  anticline  underlies  the  topographic  low  of 
the  Mahoning  and  Pohopoco  Creek  valleys  and  brings  rocks  of  the  Mar- 
cellus  Formation  to  the  surface  in  the  area  of  Lehighton.  It  is  a west- 
ward-plunging fold  which  closes  near  South  Tamaqua  (11  miles  south- 
w'est  of  the  mapped  area)  and  opens  toward  Stroudsburg  (18  miles 
northeast  of  the  mapped  area)  (Figure  159)  . The  axis  of  the  fold 
parallels  that  of  the  Weir  Mountain  syncline.  The  anticline  has  a gently 
dipping  south  flank  (see  above)  and  a steeply  dipping  north  flank.  The 
north  flank  has  an  average  dip  of  83°  north  (range  40°-90°)  and  is 
locally  overturned  as  much  as  25°  south. 

Asymmetric  flexural-slip  folds  with  axes  inclined  to  the  south  occur 
near  the  top  of  the  Beaverdam  Run  Member  of  the  Catskill  Formation. 
One  such  fold  is  exposed  on  the  southwest  side  of  the  road  at  the  junc- 
tion of  U.S.  Route  209  and  a secondary  road  in  the  Beaverdam  Run 
valley  north  of  Jamestown.  Another  fold  is  exposed  on  the  Northeast 
Extension  of  the  Pennsylvania  Turnpike  at  Walcksville. 

Numerous  small  third-  and  fourth-order  folds  (Nickelsen,  1963,  p.  16) 
occur  north  of  the  main  axis  of  the  Lehighton  anticline  in  the  north- 
central  part  of  the  mapped  area.  Similar  folds  have  also  been  mapped 
farther  northeast  in  the  adjacent  Pohopoco  Mountain  quadrangle  (Sevon, 
in  press)  and  probably  occur  farther  southwest  in  the  area  but  have  not 
been  detected  because  of  the  scarcity  of  outcrop.  Some  of  these  folds  are 
well  displayed  along  the  north  side  of  the  emergency  spillway  of  the 
Beltzville  Dam.  Determination  of  bed  top  by  primary  features  is  usually 
not  possible,  and  cleavage  relations  have  been  utilized  almost  exclusively 
as  an  indication  of  overturning.  Although  some  fold  axes  have  been 
extended  laterally  for  several  miles,  this  continuity  is  not  certain  due  to 
the  absence  of  outcrops  between  stream  valleys.  The  folds  are  generally 
small,  having  wavelengths  from  a few  tens  of  feet  to  a few  hundreds 
of  feet. 

The  Mount  Pisgah  syncline  “is  the  eastern  extension  of  the  Panther 
Valley  syncline  of  the  Southern  anthracite  field”  (Klemic  and  others, 
1963,  p.  58)  . The  axis  of  this  syncline  is  parallel  to  the  axes  of  the  two 
other  major  folds  discussed  above  and  extends  northeastward  to  Call 
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Figure  159.  Relation  of  the  mapped  area  to  regional  geology  and  structure.  Modified  from  Gray  and  others  (I960). 
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MoutitaiiE  Kleniic  and  others  (1963,  p.  58)  calculated  a plunge  of  about 
12°  to  the  southwest  for  this  syncline. 

I'he  Mount  Pisgah  syncline  is  asynmietrical  with  a steeply  dipping 
south  limb  which  is  in  places  overturnetl.  To  the  northeast  of  the  mapped 
area,  this  steeply  dipping  south  limit  has  gentler  north  dips  and  lacks 
overturning.  I'he  north  limb  of  the  syncline  has  gentle  soutli  dips  which 
generally  do  not  exceed  40°.  No  secondary  folds  on  the  limbs  of  this 
syncline  have  been  observed. 

Several  faults  have  been  mapped  in  lithotectonic  unit  4.  Some  are 
minor,  but  others  are  of  regional  importance,  including  the  Sweet  Arrow 
fatdt  which  is  discussed  in  the  following  section. 

4 hree  faults  of  regional  importance  have  been  extended  into  the  area 
on  the  basis  of  information  from  mapping  being  done  to  the  west  in  the 
Nesqtiehoning  quadrangle  by  G.  H.  Wood,  Jr.,  U.S.  Geological  Survey. 
The  actual  existence  of  these  faults  is  not  presently  demonstrable  in  the 
mapped  area,  but  their  regional  persistence  to  the  west  and  the  tracing 
of  these  faults  to  the  western  boundary  of  the  mapped  area  (G.  H.  Wood, 
Jr.,  oral  commun.,  1971)  implies  their  existence  in  the  mapped  area. 

The  southernmost  of  these  faults  is  the  Beaverrun  fault,  which  lies 
along  the  contact  between  the  Beaverdam  Run  and  Long  Run  Members 
of  the  Catskill  Formation.  West  of  the  mapped  area,  stratigraphic  thick- 
ening and  thinning  of  the  Long  Run  and  cutting  otit  of  traceable  units 
within  the  formation  indicate  the  existence  of  the  fault  (G.  H.  Wood, 
Jr.,  oral  commun.,  1971)  . Similar  situations  have  not  been  demonstrated 
in  the  mapped  area,  and  the  fault  is  ended  at  the  Lehigh  River.  A small 
asymmetric  flexural-slip  fold  which  may  be  associated  with  the  fault  is 
exposed  at  the  southwest  corner  of  the  junction  of  a secondary  road  in 
Beaverdam  Run  valley  and  U.S.  Route  209. 

The  next  two  faults  are  the  Mauchono  fault  and  the  Pottchunk  fault. 
Both  are  concealed  in  the  mapped  area.  The  Mauchono  fault  occurs 
near  the  base  of  the  Matich  Chunk  Formation,  and  the  Pottchunk  fault 
occurs  within  the  Mauch  Chunk-Pottsville  transition  zone  in  areas  to  the 
west.  Both  of  these  faults  have  been  folded  and  are  discussed  by  Wood 
and  others  (1969,  p.  95-100)  . 

A small  bedding-plane  fault  is  expo,sed  along  Mahoning  Creek  on  the 
north  flank  of  the  Weir  Mountain  syncline  south  of  Lehighton.  It  strikes 
N77E  and  dips  22S.  Some  distortion  of  the  underlying  beds  has  occurred. 
Slickensides  trend  N22W,  dip  2 IS,  and  indicate  movement  of  the  over- 
lying  beds  away  from  the  center  of  the  syncline.  The  fault  is  probably 
a large  bedding-plane  slip  which  has  distorted  the  underlying  beds. 

.'\nother  small  fault  occurs  in  the  Packerton  Member  of  the  Catskill 
Formation  north  of  Packerton  along  the  north-south  part  of  a road  which 
intersects  U.S.  Route  209  immediately  north  of  the  Packerton  outcrop 
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bell.  I bis  lauli  is  nearly  hori/ontal  and  has  a displacement  ol  22  inches, 
the  upper  plate  having  apparently  moved  northward  relati\e  to  the  lower 
plate.  The  northern  end  ol  the  fault  is  lost  in  cover,  anti  there  is  no 
displacement  at  the  southern  end  ol  the  lault,  although  the  Iracture  is 
jrresent.  I his  lault  may  be  the  Irase  ol  a huge  slump  block  which  has 
initiated  movement  along  a well-developed  Iracture  /one.  I’he  lault  /one 
is  deeply  recessetl  by  weathering  and  appears  to  consist  ol  numerous 
broken  pieces  ol  sandstone  and  siltstone. 

Numerous  bedding-plane  slips  and  wedge  laults  in  lilhoteclonic  unit  4 
occur  in  exposures  along  the  east  bank  of  the  Lehigh  River  along  Pa. 
Route  248  north  of  Bowmanstown  and  are  illustrated  in  Figure  160. 

The  following  discussion  ol  bedtling-plane  slip  and  wetlge  faults  is 
taken  from  Glaeser  (1067,  p.  07)  : 

Rcdding-plaiie  slip  is  Ijcsl  developed  between  planes  ot  nnils  16-18.  (iouge,  slicken- 
sides.  leached  color  and  cleavage  drag  arc  all  evidence  of  fanlling.  In  the  north  limb 
of  the  syncline,  this  faidt  follows  the  plane  defined  by  the  top  ol  unit  17.  Nature  and 
direction  of  bedding-plane  slip  mocements  are  clearly  shown  by  deformed  cleacage 
at  interlaces  between  mocement  /ones. 

Toward  the  fold  axis,  besond  the  zone  of  lateral  change  in  tfie  distinguishing 
lithic  properties  of  unit  17,  the  fault  itlane  is  clearly  ecident  and  marked  by 
cleavage  distortion.  The  drag  sense  of  this  tleatage  indicates  reverse-lault  motement; 
i.e..  younger  beds  moved  up  atid  out  of  the  synclinal  tore.  The  same  plane  of 
movemetit  oti  the  sotith  limb  of  the  scncliue  had  the  identical  diiect^tn  ol  that  on 
the  north  limb,  again  interpreted  from  drag  on  tleacage.  I hus,  unit  18  bas  moved 
northward  with  respect  to  unit  Hi  in  toward  the  synclinal  axis.  . . . 

Wedge  faulting  of  massive  sandstones  resulting  in  anomalous  bed  thicketiing  is  an 
obvious  indication  of  lateral  shortening  bv  compre.ssioti.  figure  2 [same  as  figtne 
160  of  this  report]  shows  one  of  many  examples  in  these  cuts  of  wedge  faulting 
within  massive  satidstones.  The  fraettne  stnface  of  the  wedge  is  at  a low  atigle  to 
bedding  atid  slip  planes  can  be  traced  several  feet  into  the  massive  .sandstone  unit 
(e.g.,  unit  19).  .Xttomalous  thickening  in  unit  19  causes  depression  of  the  undeilving 
red  siltstone.  A low  atigle  fracture  plane  results  from  readjustmeut  of  the  more  com- 
petent, massive  sandstones  during  compressiotial  stress  of  folding.  The  wedge's 
obserced  here  appear  not  to  be  the  prefold  tvpes  dc'seribed  bv  Cloos  (1961,  1964). 

Relation  of  Surface  and  Subsurface  Geology 
Cros.s  sections  A,  1),  E,  and  G indicate  tbe  presumed  subsurface  struc- 
ture at  selected  places  in  the  mapjted  area,  d'hese  cross  sections  are  based 
on  projection  of  surface  data  into  the  stibsurface,  not  on  actual  sub- 
surface data. 

Tw'o  exploratory  wells,  the  Harvey  .Smith  #1  and  the  Graver  Estate 
#1,  have  been  drilled  on  the  Lehighton  anticline,  and  the  log  of  the 
latter  is  presented  in  measured  section  24.  The  Harvey  Smith  #1  well 
was  drilled  to  S,300  feet  and  never  left  the  dark-gray  shales  of  the 
Mahantango  and  Marcellus  Formations.  The  drilling  apparently  traveled 
mainly  down  dip  within  the  shales  and  offers  nothing  for  subsurface 
interpretation. 


Figure  160.  Faulting  in  axial  portion  of  Weir  Mountain  syncline.  Exposure  is  on  east  side  of  Pa.  Route  248  a half  mile  north  of  Bowmans- 
town.  Fault-movement  directions  and  cleavage  drag  are  shown,  and  bed  numbers  show  stratigraphic  succession  Diagram 
from  Glaeser  (1967). 
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I'he  CTiaver  Estate  *1  well  hatl  a 15°  deviation  ol  the  drill  string 
toward  the  axis  ol  the  Eehighton  anticline  and  intersected  the  Pahnerton 
Formation  at  4,620  ieet,  instead  ol  at  the  expected  3,100  teet,  based  on 
simple  graphical  construction  ot  nnitorm  structure.  Ehus,  faults  are 
present  in  the  sidrsurtace  that  either  do  not  extend  to  the  stirtace  or  have 
not  been  detected  at  the  surface. 

S^veet  Arrow  Fault  Zone 

Ehe  Sweet  Arrow  fault  /one  is  a major  structure  in  Pennsylvania  and 
has  been  majrped  for  more  than  80  miles  in  the  State  (Wood  and  Kehn, 
1961;  Wood  and  cithers,  1969)  . It  extends  from  west  ol  the  Suscjuehanna 
River  and  is  believed  to  die  out  near  the  east  edge  of  the  Palmerton 
quadrangle.  W^ood  and  his  coworkers  described  the  Sweet  Arrow  as  a 
zone  of  one  or  two  faults  that  dip  moderately  to  the  southeast  at  the 
surface  and  prolrably  flatten  at  a depth  of  about  1 mile.  Displacement 
is  at  least  Si/o  miles  in  places  and  is  proved  by  anomalous  structural  rela- 
tions and  truncated  stratigraphic  units,  d'he  zone  is  one  ot  the  youngest 
faults  in  the  area  because  it  is  not  folded  and  it  truncates  many  folds. 

Wood  and  Kehn  (1961)  and  \\'ietrzychowski  (1963b)  suggested  that 
the  intense  folding  in  lithotectonic  unit  3 was  related  to  the  Sweet  Arrow 
fault,  but  this  was  discounted  by  Epstein  and  Epstein  (1969)  , who  sug- 
gested that  the  folds  are  part  of  a clisharmonically  folded  sequence,  as 
described  under  lithotectonic  unit  3 above.  It  was  also  suggested  under 
the  section  on  dc'collements  that  the  folds  are  not  related  to  drag  on 
the  fault. 

Epstein  and  Epstein  (1969)  believed  that  the  Sweet  Arrow  fault  did 
not  extend  into  the  Lehigh  River  area  from  the  west,  because  it  was 
felt  that  lithotectonic  unit  4 followed  the  form  surface  ot  lithotectonic 
unit  3 (see  their  Figures  27  and  52)  . For  example,  it  was  shown  that 
the  rocks  in  lithotectonic  unit  4 were  overturned  to  the  south,  as  were 
the  underlying  rocks.  Subsequent  mapping  has  shown  that  the  rocks  of 
lithotectonic  unit  4 cannot  jrarallel  those  of  unit  3 in  the  subsurface. 
1 bus,  rocks  of  unit  3 are  overturned  to  the  southeast,  whereas  those  of 
unit  4 are  upright  and  clip  to  the  northwest,  and  the  Sweet  Arrow  fault 
must  be  present  to  resolve  this  geometric  anomaly  (see  cross  sections, 
Plate  1)  . 

The  faidt  zone  is  believed  to  be  exposed  in  the  Marcellus  Formation 
along  the  Northeast  Extension  of  the  Pennsylvania  Turnpike.  Here,  there 
are  several  prominent  moderately  southeast  dipping  shear  zones,  well-devel- 
oped cleavage,  and  distorted  cleavage  (Figure  161)  . It  is  not  known  how 
much  of  this  deformation  is  related  to  the  Weir  Mountain  decollemcnt. 
The  southeast-dipping  shear  zones  and  sense  of  movement  suggested  by 
cleavage  drag  is  evidence  that  the  .Sweet  .\rrow  is  a southeast-dipping  fault. 


Calcareous  Shale- 
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The  tauh  zone  is  at  least  300  leet  wide  in  tlie  expostne  and  may  extend 
northward  lor  an  tidditional  000  leet.  The  laidt,  as  shown  on  Plate  I,  passes 
throrigh  the  Marcelltis  outcrop  on  the  d'tirnpikc  sotith  ol  Pa.  Route  895,  Inn 
the  part  ol  the  lanlt  zone  witli  the  greatest  sliearing  could  Ite  in  the  \alley 
500  leet  northwest  ol  tlie  road.  Based  on  (onsti  tiction  ol  cross  sections, 
the  maximnm  disjjlacement  is  proltahly  altont  1,000  leet.  Becanse  the 
lanlt  is  a southeast-dipping  thrust,  as  shown  in  the  tross  sections,  there 
mtist  be  a buried  anticline  in  the  lootwall  which  places  rocks  ol  litho- 
tectonic  unit  3 sotith  ol  and  Itelow  the  same  rocks  in  the  hanging  wall. 
This  lold  is  hypothetical  and  nowhere  reaches  the  surtace.  Et]ually 
hypothetical  is  the  tight  syncline  that  the  lanlt  bisects. 

dire  .Sweet  Arrow  lanlt  zone  is  beliecetl  to  end  near  Little  Gap  becanse 
ol  the  strncttnal  geometry  in  that  area.  However,  a lanlt  ol  unknown 
magnitude  and  attitude  in  the  Mahantango  and  Marcelltis  Formations, 
which  is  indicated  by  abundant  vein  tpiartz  lloat  and  ollset  stratigraphic 
units  and  which  may  be  an  imbricate  lanlt  related  to  the  Sweet  Arrow 
lanlt  zone,  was  mapped  lor  4 miles  east  ol  Little  Gap  into  the  Knnkle- 
town  (|natlrangle  (Sevon,  nnjtnb.  data) . The  pieces  ol  vein  quartz  are  as 
much  as  13  inches  long  and  7 inches  wide  and  can  be  readily  traced 
across  fields  not  covered  by  colhivinm  or  allnvinm.  The  trace  ol  this 
laidt  is  not  shown  on  Plate  1,  but  it  lies  near  or  several  hundred  leet 
north  ol  the  trace  shown  lor  the  Sweet  Arrow  lanlt  zone.  Alternatively, 
because  it  parallels  the  strike  ol  bedding,  it  may  be  a decollement  or 
large  bedding  slip  zone. 

The  vein  t|uartz  associated  with  this  lanlt  can  be  traced  almost  con- 
tinnonsly  between  the  north-south  road  through  the  Alliance  Sand  Com- 
pany quarry  (northwest  ol  Palmerton)  and  Christian  Corner  about  4(4 
miles  to  the  northeast.  .Along  this  line,  the  vein  quartz  lloat  occurs  in  a 
narrow'  band  near  the  base  ol  the  Mahantango  Formation  and  is  asso- 
ciated w’ith  crests  ol  small  hills.  Between  Christian  Corner  and  Little 
Gap  the  surlace  is  covered  with  colluvium,  and  location  ol  in  situ  vein 
tjuartz  is  not  jxrssible.  About  one-hall  mile  west  ol  the  eastern  boundary 
ol  the  mapped  area,  float  ol  vein  ijuartz  occurs  at  two  horizons  wdthin  the 
Mahantango  Formation.  The  lower  occurrence  is  near  the  base  ol  the 
Mahantango  and  may  be  the  continuation  ol  the  lault  zone  occurring  to 
the  west.  To  the  east,  this  lault  zone  rises  strati, grairhically  within  the 
Mahantango  belore  all  trace  ol  the  zone  is  lost  about  one-hall  mile  east 
ol  the  mapped  area.  A second  lault  zone  occurs  between  the  Centerfield 
lossil  zone  and  the  Nis  Hollow'  siltstone  zone  ol  the  Mahantango  Forma- 
tion and  has  been  traced  across  almost  hall  ol  the  adjacent  Kunkletown 
7i/2-minute  quadrangle  (Sevon,  unpub.  data). 

A lault  trending  slightly  northwest  Irom  West  Bowmans  is  indicated 
by  topo.graphy  and  offset  stratigraphic  units.  The  attitude  ol  this  lault  is 
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Figure  162.  A.  Equal-area  lower  hemisphere  projection  of  76  observations  of  slaty  ii 
cleavage  orientation  in  the  Mahantango  Formation  on  the  south  limb  of  |j 
the  Weir  Mountain  syncline.  Contours  0, 10,  20,  30  percent.  B.  Equal-area 
lower  hemisphere  projection  of  24  pairs  of  observations  of  paired  slaty  I 
cleavage  and  bedding  orientations’ in  the  Mahantango  Formation  on  the  ' 
south  limb  of  the  Weir  Mountain  syncline.  Contours  0,  5, 10  percent.  Mean  ! 
cleavage  orientation:  strike,  N79E,  dip  42S;  mean  bedding  orientation: 
strike  N75E,  dip  66N.  C.  Equal-area  lower  hemisphere  projection  of  52 
observations  of  slaty  cleavage  orientation  in  the  Mahantango  Formation 
on  the  north  limb  of  the  Lehighton  anticline.  Contours  0,  5, 10,  15  percent. 

D.  Equal-area  lower  hemisphere  projection  of  19  observations  of  paired 
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not  known,  and  the  oflset  ot  tossil  and  siltstone  zones  suggests  either  a 
north-dipjting  normal  laidt  or  a south-dipping  thrust  tauh,  Imt  a south- 
west-dipping fault  associated  with  the  Sweet  Arrow  fault  is  thought 
I likely.  A northeast-southwest-trending  lault  is  exposed  in  a cut  along  the 
' Lehigh  Valley  Railroad  at  West  Bowmans,  d’his  faidt  jrlane  strikes  N.^IE 
and  dips  22°  south.  Tlie  fault  zone  has  a maximum  thickness  ot  3 inches 
and  may  be  only  a reflection  of  weathering  along  the  plane  of  weakness 
since  no  fault  plug  or  Ineccia  is  present.  The  units  adjacent  to  the  lault 
do  not  have  sufficiently  well  defined  beds  to  permit  determination  of 
displacement. 

SMALL-SCALE  STRUCTURES  IN  POST-ORISKANY  ROCKS 

Slaty  Cleavage 

Slaty  cleavage  (Dennis,  1967,  p.  21)  is  well  developed  in  all  shales  on 
the  steep  south  flanks  of  synclines  of  lithotectonic  unit  4.  Only  the  slaty 
cleavage  of  the  Mahantango  Formation  is  considered  in  detail,  but  similar 
structures  occur  in  the  shales  ot  the  \Vfiilcksville  anti  stratigraphically 
higher  Catskill  units.  Slaty  cleavage  is  developed  in  the  Marcellus  Forma- 
tion and  is  well  exposed  tilong  the  Northeast  Fxtensic^n  of  the  Penn- 
sylvania Turnpike  (Figure  161)  . 

Slaty  cleavage  in  the  Mahantango  Formation  is  the  dominant  planar 
element  on  the  steep  south  limb  ot  the  WTir  Mountain  syndine  and  the 
steep  to  oterturned  north  liniir  of  the  Lehighton  anticline  (Figure  91)  . 
Cleavage  is  less  well  developed  in  the  calcareous  fossil  zones  and  is  not 
present  in  the  siltstone  zone  ot  the  formation.  The  slaty  cleavage  does 
not  appear  to  have  caused  noticeable  distortion  of  the  bedding  only 
locally  detectable  within  the  main  body  of  the  shale.  Figure  91  shows  a 
tvpical  example  of  slaty  cleavage  developed  in  the  Mahantango  shale. 

Figure  162A  shows  the  slaty  cleavage  on  the  south  side  of  the  Weir 
Mountain  syncline  to  have  an  average  sti  ike  of  N81F  and  a 50°  south 
dip.  Figure  162B  (cleavage  and  bedding  orientations)  indicates  an  aver- 
age angular  separation  of  108°  between  slaty  cleavage  and  bedding. 
Figure  162C  shows  a similar  strike  (X76F)  of  slaty  cleavage  on  the  north 
limb  of  the  Lehighton  anticline,  but  a gentler  dip  (36°  south)  . Figure 


slaty  cleavage  and  bedding  orientations  in  the  Mahantango  Formation  on 
the  north  limb  of  the  Lehighton  anticline.  E.  Equal-area  lower  hemisphere 
projection  of  25  observations  of  fracture  cleavage  orientation  in  the 
Trimmers  Rock  Formation  on  the  south  limb  of  the  Weir  Mountain 
syncline.  Contours  0,  2.5,  5 percent.  F.  Equal-area  lower  hemisphere  pro- 
jection of  24  observations  of  paired  fracture  cleavage  and  bedding  orienta- 
tions in  the  Trimmers  Rock  Formation  on  the  south  limb  of  the  Weir 
Mountain  syncline.  Contours  0,  2.5,  5,  7.5  percent. 
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162D  indicates  that  while  there  is  extreme  variation  in  bedding  dip  on 
this  told  limb,  there  is  only  small  variation  ot  cleavage  clip.  The  average 
angtdar  separations  between  bedding  and  cleavage  calculated  from  this 
plot  are  114°  for  cleavage  and  nonoverturned  bedding  and  51°  for 
cleavage  and  vertical  or  overturned  bedding.  Another  illustration  of  the 
constancy  ot  slaty  cleavage  attitude  in  association  with  considerable 
variation  in  bedding  attitude  is  shown  in  Figure  163. 

Slaty  cleavage  is  not  well  developed  in  the  Mahantango  Formation  on 
the  north  limb  of  the  Weir  Mountain  syncline.  This  is  probably  due  to 
the  fact  that  the  average  dip  of  cleavage  (50°  and  36°  south)  on  opposite 
limbs  of  the  two  adjacent  folds  is  similar  to  the  average  dip  of  the 
bedding  (33°  south)  on  the  south  limb  of  the  Weir  Mountain  syncline 
so  that  cleavage  is  difficult  to  detect  except  in  good  exposures. 

Slaty  cleavage  is  very  well  developed  on  the  north  limb  of  the  Lehigh- 
ton  anticline  and  has  been  used  extensively  to  determine  overturned 
beds.  Variations  in  cleavage  dip  are  considerable,  but  the  steepest  dips 
appear  to  be  chiefly  near  the  main  anticlinal  axis  (Plate  1) . 

Some  of  the  cleavage  developed  in  the  Walcksville  Member  of  the 
(iatskill  Formation  north  of  Bowmanstown  has  been  folded  (Figure  164) . 


Figure  163.  Variation  in  slaty  cleavage  and  bedding  orientations  in  Mahantango  shale 
in  readout  along  Fireline  Creek  at  the  north  edge  of  Bowmanstown.  Note 
constancy  of  cleavage  orientation  and  variation  of  bedding  orientation. 
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Figure  164.  Folded  cleavage  in  red  shales  of  the  Waicksville  Member  of  the  Catskill 
Formation.  Outcrop  occurs  near  the  south  end  of  the  second  long  roadcut 
north  of  Bowmanstown  on  the  east  side  of  Pa.  Route  248.  Photograph  by 
A.  A.  Drake,  Jr. 


P'olding  of  tliis  cleavage  indicates  some  deformation  subsequent  to  cleav- 
age devefopment,  Irut  the  extent  of  tltis  cleavage  deformation  elsewhere 
in  the  mapped  area  is  not  known. 

Thin  sections  of  the  Alahantango  Formation  show'  that  the  micaceous 
minerals  (illite-sericite)  have  a preferred  orientation  parallel  to  slaty 
cleavage,  and  minute  fractures  along  which  weathering  is  proceeding 
tend  to  be  parallel  to  slaty  cleavage  rather  than  bedding. 

Fracture  Cleavage 

Fracture  cleavage  is  well  developed  in  the  Trimmers  Rock  Formation 
on  the  south  side  of  the  Weir  Mountain  syncline.  According  to  Ttnner 
and  Weiss  (1963,  p.  98),  fracture  cleavage  is  essentially  a variety  of 
closely  spaced  discrete  parallel  Iracttires  that  do  not  pervade  the  entire 
rock  mass  and  are  indejxtndent  of  preferred  orientation  of  mineral 
grains.  The  fracture  cleavage  described  here  seems  to  correspond  to  this 
definition. 

The  fracture  cleavage  in  the  Trimmers  Rock  Formation  has  an  orien- 
tation similar  to  that  of  slaty  cleavage  in  the  tinderlying  Mahantango 
Formation  and  has  an  average  strike  of  N74E  and  a 55°  south  dip 
(Figure  162E).  Fracture  cleavage  is  most  common  in  the  more  massive 
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Figure  165.  A.  Equal-area  lower  hemisphere  projection  of  40  observations  of  Joint 
orientation  in  the  Mahantango  Formation  on  the  north  limb  of  the  Weir 
Mountain  syncline.  Contours  0,  2.5,  5 percent.  B.  Equal-area  lower  hemi- 
sphere projection  of  27  observations  of  joint  orientations  in  the  Trimmers 
Rock  Formation  on  the  north  limb  of  the  Weir  Mountain  syncline.  Con- 
tours 0,  2.5,  5 percent.  C.  Equal-area  lower  hemisphere  projection  of  18 
observations  of  joint  orientations  in  the  Towamensing  Member  of  the 
Catskill  Formation  on  the  north  limb  of  the  Weir  Mountain  syncline.  Con- 
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beds  (1  to  4 teet  thick)  ot  tlie  tornuition  and  often  passes  directly  into 
slaty  cleavage  in  interbedded  shales,  liedtling  stirlaces  show  the  Iracttires 
to  he  somewhat  sinuous  intersecting  planes  with  regular  spacing  ot  1 to  3 
inches  and  sometimes  a suggestion  of  movement  normal  to  bedding  along 
the  fractures.  The  average  angular  distance  between  bedding  and  frac- 
ture cleavage  in  the  I’rimmers  Rock  indicated  in  Figure  I62F  is  94°. 

Fracture  cleavage  is  present  in  other  tinits  within  the  mapped  area  on 
the  steep  south  limbs  of  the  syncline,  hut  is  seldom  exposed  as  well  as  in 
the  Trimmers  Rock  Formation.  Fracture  cleavage  provides  a source  of 
weakness  which  aids  in  rock  disintegration  and  control  of  the  size  and 
shape  of  weathered-rock  materials. 

Joints 

Observations  made  during  mapping  and  plots  shown  in  Figure  165 
allow  some  generalizations  about  joint  systems  in  the  mapped  area. 

The  unit  most  prominently  jointed  is  the  Palmerton  Formation 
(Figure  85)  , although  similar  joint  systems  occur  in  the  underlying 
Schoharie-Esopus  and  Ridgeley  Formations.  The  plot  of  joint  poles  in 
Figure  165E  indicates  a variety  of  joint  systems,  and  a study  by 
Wietrzychowski  (1964,  p.  33)  indicated  an  even  larger  range  of  joint  sets. 
H is  sttidy  inclnded  about  100  joints  exposed  on  Stony  Ridge  a mile  west 
of  Walkton.  He  noted  13  narrowly  defined  groups  which  included 
orientations  between  N79W  and  N80E  and  dips  9°  west  and  20°  east. 

Spacing  of  joints  in  the  Palmerton,  Schoharie-Esopus,  and  Ridgeley 
Eormations  is  variable  and  ranges  from  the  relatively  uniform  wide 
spacing  (several  feet)  in  the  Palmerton  (Eigure  85)  to  very  irregular 
close  spacing  (a  few  inches)  in  all  the  units.  In  general,  the  greater  the 
complexity  of  folding,  the  greater  the  number  of  joints  and  the  closer 
the  spacing.  The  abundance  of  joints  and  their  intensive  development 
within  the  three  formations  contribute  greatly  to  the  disintegration  of 
these  units  and  the  control  of  their  disintegration  shapes. 

Although  joints  occur  within  the  Mahantango  and  Trimmers  Rock 
Eormations  and  the  Towamensing  Member  in  the  sotith  limb  of  the  Weir 
Mountain  syncline,  dominance  of  slaty  cleavage  in  the  Mahantango  and 
lack  of  outcrops  of  the  other  units  offer  insufficient  data  for  worthwhile 
assessment.  Nevertheless,  some  joint  data  for  these  formations  are  pre- 
sented on  Plate  1. 


tours  0,  2.5,  5 percent.  D.  Equal-area  lower  hemisphere  projection  of  18 
observations  of  Joint  orientations  in  the  Trimmers  Rock  and  Catskill 
Formations  on  the  north  side  of  the  Lehighton  anticline.  Contours  0,  2.5,  5 
percent.  E.  Equal-area  lower  hemisphere  projection  of  25  observations 
of  joint  orientations  in  the  Ridgeley,  Schoharie-Esopus,  and  Palmerton 
Formations  along  Stony  Ridge.  Contours  0,  2.5,  5 percent. 
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Fractures  are  aitundant  in  the  Mahantango  on  the  south  side  of  the 
^Veir  Mountain  syncline  and  Itave  a great  variety  of  orientations.  Some 
of  these  fractures  are  curved,  and  in  condrination  witli  slaty  cleavage, 
bedding,  and  joints  produce  an  ellipsoidal  disintegration  structtire  illus- 
trated in  Figtire  92  and  discussed  earlier  under  the  stratigraphy  of  the 
Mahan  tango  Formation. 

Figure  50A,  B and  (1  indicates  a consistent  joint  development  on  the 
north  side  ol  the  Weir  Mountain  syncline.  I'wo  main  joints  exist,  one 
having  a N22E  strike  and  a dip  of  66N\V^  and  the  other  a N65E  strike 
and  a 77°-83°  north  dip. 

Spacing  ol  joints  in  these  tmits  is  variable  and  was  not  studied  clo.sely 
during  this  investigation.  In  general,  those  joints  with  orientation  par- 
allel or  stibparallel  to  bedding  orientation  have  spacings  of  a few  inches, 
while  joints  with  orientations  normal  or  subnormal  to  bedding  orienta- 
tion have  spacings  of  a few  feet. 


ENVIRONMENTAL  GEOLOGY 

Environmental  geology  is  the  evaluation,  utilization,  and  application 
of  geologic  factors  which  interact  with  man  and  his  works.  This  section 
is  a guide  to  the  use  of  the  geologic  map  and  geologic  information  in 
this  report  and  may  aid  in  the  solutions  of  environmental  problems  that 
are  of  ccmcern  to  those  planners  involved  with  land  utilization  and 
resource  management.  It  shotild  not  be  used  in  lieu  of  detailed  onsite 
studies  by  jrrolessional  geologists  and  engineers. 

The  Lehighton  and  Pahnerton  cjuadrangles  straddle  the  two  sections 
of  the  Valley  and  Ridge  physiographic  province  (Eigtire  1)  . The  topog- 
raphy in  these  sections  has  profoundly  controlled  the  development  of  the 
area.  Most  notably,  in  the  .\ppalachian  Mountain  section  (the  area  north 
of  Blue  Mountain)  , the  steep  slopes  of  the  mountains  have  generally 
precluded  their  use  for  most  types  of  development  other  than  recreation, 
and  they  have  generally  remained  as  wooded  areas.  The  major  jropula- 
tion  centers,  such  as  Jim  I'horpe,  I.ehighton,  and  Pahnerton,  are  located 
along  the  Lehigh  River  and  in  the  major  northeast-trending  valleys, 
which  have  determined  the  location  of  the  main  transjrortation  routes. 
In  the  Great  Valley  section,  sotith  of  Blue  Mountain,  there  is  no  pro- 
notmeed  linear  pattern  to  the  topography,  and  the  transportation  net- 
work is  more  irregular  than  in  the  section  to  the  north.  The  thicker, 
more  fertile  soil  in  the  Great  Valley  .section  has  favored  the  tise  of  most 
of  the  land  for  agrietdture  and  grazing. 

Because  of  the  lack  of  favorable  industrial  and  agricultural  incentives, 
no  large  tirban  centers,  such  as  Bethlehem  and  .Allentown,  have  grown 
up  as  they  have  in  the  flatter  part  of  the  section  underlain  by  limestone 
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south  of  the  quadrangles.  Because  there  is  high-quality  slate  in  the 
i Martinsburg  Formation  in  the  (heat  \hilley  section,  an  important  slate 
; industry  has  developed,  although  all  the  quarries  in  the  tpiadrangles 
! here  being  described  are  presently  abtindoned.  The  cultural  develojmient 
1 of  the  Great  Valley  is  given  in  reports  on  Lehigh  and  Noithampton 
! Counties  by  Miller  anti  others  (1941,  1939). 

: The  environmental  geology  section  of  this  report  is  subdivided  into 

: several  topics  for  the  pin  pose  ot  convenience.  Included  are  a discussion 
' of  the  geologic  map,  engineering  characteristics  of  the  map  units,  soils,  the 
climate  of  the  area,  water  supply,  and  mineral  resources.  For  land-use 
i purposes,  many  of  these  topics  are  interrelated.  Optimal  utilization  and 
' constructive  modihcation  of  the  geologic  factors  in  any  area  are  de- 

■I  pendent  upon  an  understanding  of  these  factors  and  a willingness  to 

precede  development  with  planning. 

GEOLOGIC  MAPS 

The  data  in  this  section  are  related  to  specific  rock  units  (formations, 
i for  example)  whose  distribution  is  shown  on  the  geologic  maps  (Plates 

1 1 and  2)  accompanying  the  report.  Fhese  two  maps  emphasize  dillerent 

1 aspects  ot  the  geology:  the  bedrock  map  (Plate  1)  shows  the  distribution 
t of  the  rock  units  by  means  of  the  colors  explained  in  the  map  explanation 
and  has  the  overlying  surficial  tleposits  indicated  only  by  purple  lines  for 
' contacts  and  symbols;  and  the  surhcial  map  (Plate  2)  shows  the  surhcial 
deposits  in  color  and  the  bedrock  only  by  jnnple  contacts  and  symbols. 

ROCK  CHARACTERISTICS  AND  PROPERTIES 

1 The  main  characteristics  of  each  rock  unit  in  the  area  are  summarized 
in  Fable  15.  A brief  description  of  each  characteristic  is  given  below. 

Map  Symbol  and  Formation  or  Member 

^ The  map  symbol  and  name  for  each  rock  unit  are  the  same  as  on 
I Plates  1 and  2,  and  allow  direct  translation  of  information  presented  in 
Table  15  to  specific  areas  on  the  map.  FInless  otherwise  indicated,  the 
rock  characteristics  discussed  below  are  constant  throughout  the  area  of 
occurrence  of  each  map  unit. 

' ' Thickness 

j The  maximum  known  thickness  (measured  perpendicular  to  bedding) 

(1  I is  given  for  each  rock  unit.  Where  thickness  is  variable,  the  known  extent 
e I of  variation  is  indicated. 
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Lithology 

I'lie  main  types  ot  a mapped  rock  unit  are  given.  Detailed  intormation 
on  the  rocks  and  their  variability  is  presented  in  the  text  discussion  ot 
each  mapped  unit. 


Infiltration  Capacity 

Infiltration  capacity  is  the  maximum  rate  at  which  a rock  unit,  when 
in  a given  condition  (e.g.,  dry,  saturated)  can  absorb  falling  rain  or 
melting  snow.  This  infiltration  capacity  affects  the  ground-water  re- 
charge capacity  of  a given  unit  and  also  the  unit’s  utility  for  septic- 
system  sewage  disposal.  Almost  all  of  the  rocks  in  the  area  are  relatively 
impermeable.  However,  all  the  rocks  in  the  area  possess  an  intersecting 
complex  of  partings  along  bedding,  cleavage,  and  joint  planes.  These 
parting  planes  create  a unit  permeability  unrelated  to  the  actual  rock 
type.  This  permeability  will  vary  with  depth  of  rock  below  the  surface 
and  with  structural  position;  it  can  generally  be  evaluated  accurately  by 
examination  of  a specific  site. 

One  generality  can  be  made  for  the  mapped  area.  The  steeper  dipping 
beds  on  the  south  limbs  of  synclines  are  more  intensely  jointed  than  the 
north  limbs,  tend  to  have  well-developed  cleavage,  and  have  undergone 
more  movement  along  bedding  planes  than  the  north  limbs.  These 
planes  of  weakness  and  separation  within  the  rock  result  in  a greater 
naturally  induced  permeability  in  rocks  on  the  south  limbs  of  synclines 
than  in  rocks  on  the  north  limbs  of  synclines. 

Good  infiltration  capacity  is  most  important  where  septic-sewage- 
disposal  drainage  fields  are  in  use  or  are  projected  to  be  installed. 
.\dequate  infiltration  capacity,  as  determined  by  percolation  tests,,  is 
required  by  law  in  Pennsylvania.  Any  drainage  field  placed  directly  on 
or  in  any  of  the  bedrock  materials  of  the  mapped  area  may  have  inade- 
quate drainage  because  of  low  to  moderate  infiltration  capacity.  How- 
ever, throughout  the  mapped  area  some  of  the  solid  bedrock  is  mantled 
with  10  or  more  feet  of  broken  rock  material  underlying  the  soil.  This 
mantle  of  broken  rock  will  normally  have  adequate  infiltration  capacity 
to  handle  homesite  septic  systems.  The  ratings  used  in  Table  15  for 
evaluation  of  infiltration  capacity  have  the  following  meanings:  low- 
infiltration  capacity  inadequate  for  septic  systems  during  wet  periods,  but 
may  be  adecpiate  during  dry  periods;  moderate— infiltration  capacity 
adequate  for  septic  systems  except  during  excessively  wet  periods;  high- 
infiltration  capacity  adequate  for  systems  at  all  times.  The  ratings  pre- 
sented in  Table  15  are  generalized  for  the  average  situation  in  the  mapped 
area— that  is,  for  a location  on  a gentle  or  moderate  slope  15  feet  or  more 
above  a nearby  stream.  Locations  in  low  areas  near  the  same  elevation 
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as  nearby  streams  will  normally  have  lower  infiltration  capacity  becanse 
of  higher  ground-water  tables. 

Adequate  infiltration  capacity  lor  a septic-sewage-disposal  system  is  not 
a guarantee  that  such  a system  would  be  ellective.  A unit  with  high 
infiltration  may  transport  effluent  rapidly  without  natural  purification  to 
some  unwanted  location  and  result  in  a pollution  problem.  Other  factors 
besides  percolation  rate  are  important  in  determining  tlie  feasibility  lor 
septic-tank  installation.  These  factors  must  be  examined  and  evaluated 
at  the  building  site.  They  include: 

1)  .Slope.  Land  slopes  greater  than  10  percent  may  result  in  surface 
seepage. 

2)  Depth  to  bedrock.  Ideally  there  should  be  a soil  /one  of  at  least 
four  feet  below  the  septic-tank  installation  and  above  solid  bedrock  for 
proper  filtration  and  absorption  of  the  effltient.  Depth  to  bedrock  may 
be  determined  at  a specific  site  by  trenching,  drilling,  or  by  reference  to 
water-well  records. 

3)  Depth  to  water  table.  In  general,  the  dejrth  to  high-water  table  is 
greater  than  10  feet  in  the  Lehighton  and  Palmerton  quadrangles,  except 
near  streams  and  other  low-lying  areas.  In  those  areas  where  the  water 
table  is  near  the  stirface,  the  soil  is  saturated  with  water  so  that  water 
from  septic  tanks  cannot  be  absorbed. 

4)  Flood-prone  areas,  .-\reas  subject  to  flooding  should  be  avoided 
because  of  saturation  of  the  field  during  flooding  and  damage  to  the 
system. 

5)  Proximity  to  water  bodies  and  water  wells.  The  septic  system  must 
not  be  located  so  that  effluent  will  polhite  nearby  water  wells  or  lakes 
and  streams. 


Acjuifer  Potential 

The  aquifer  potential  of  any  given  unit  is  related  to  its  infiltration 
capacity  (discussed  above)  , its  topographic  |rosition,  and  its  strtictural 
position.  A few  generalities  related  to  these  factors  are: 

1.  .\cjuifer  jrotential  tends  to  be  most  favorable  in  topographically  low 
positions  (i.e.,  valley  bottoms)  , and  least  favorable  in  topogTaphically 
high  positions  (i.e.,  hilltops)  . 

2.  .Aquifer  potential  tends  to  be  most  favorable  near  the  axes  of 
synclines  and  on  adjacent  limbs  and  least  favorable  near  the  axes  of 
anticlines.  Water-yield  data  for  specific  units  in  the  area  are  discussed 
in  the  section  on  ground  water. 

3.  Glacial  deposits,  particularly  outwash  gravels,  because  of  their  high 
infiltration  capacity,  would  seem  to  have  high  atjuifer  potential.  However, 
the  same  characteristics  which  allotv  infiltration  also  allotv  rapid  flow  of 
water  out  of  a unit  and  unless  the  deposit  occupies  a position  which  will 
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Table  15.  Summary  of  Environmentally  Significant  Properties  of 

(See  text  for  discussion 


Map 

Symbol 

Formation 
or  Member 

Thickness 

(ft) 

Lithology 

Infiltration 

Capacity 

Aquifer 

Potential 

Qal 

Alluvium 

0-15 

Sorted  beds  of  clay, 
silt,  sand,  and 
boulders 

Moderate  to  high 

Unknown;  probably 
low 

Qc 

Colluvium 

(1-25+ 

Unsorted  clay,  silt, 
sand,  and  boulders 

Moderate  to  high 

Unknown;  probably 
low 

Qsr 

Shale-chip  rubble 

0-30+ 

Shale  chips 

High 

Low  to  none 

Qbf 

Boulder  field 

10+ 

Sandstone  boulders 

High 

Low  to  none 

Qit 

Illinoian(r)  till 

0-20+ 

Unsorted  clay.  silt, 
sand,  and  boulders 

Low  to  moderate 

Unknown ; probably 
low 

Qio 

Illinoianf?)  outwash 

0-80 

Sorted  beds  of  clay, 
sand  and  gravel 

Moderate  to  high 

Unknown ; probably 
low 

Mmc 

Mauch  Chunk 

2000  + 

Red  sandstone,  silt- 
stone 

Low  to  moderate 

Unknown;  probably 
low  to  moderate 

Mp 

Pocono 

750 

Conglomerate,  sand- 
stone 

Low  to  moderate 

Unknown;  probably 
moderate 

MDsk 

Si)echty  Kopf 

5d8 

Diamictite,  mudstone, 
sandstone 

Low  to  moderate 

Unknown ; probably 
moderate 

Drd 

Duncannoii 

Conglomerate,  sand- 
stone, siltstone 

Low  to  moderate 

Unknown;  probably 
moderate 

Dccf 

Clark’s  Ferry 

OOJ 

(.Conglomerate,  sand- 
stone 

Low  to  moderate 

Unknown;  probably 
moderate 

Dche 

Berry  Run 

085 

Sandstone,  some  silt- 
stone  and  conglom- 
erate 

Low  to  moderate 

Unknown:  probably 
moderate 
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Various  Lithologic  Units  in  the  Lehighton-Palmerton-Jim  Thorpe  Area 

of  column  headings) 


Weathering  Excavation  Foundation  Mineral 

I Character  Slope  Stability  Difficulty  Support  Strength  Resources 


rnconsolidated 

Low  to  moderate: 
toe  should  not  be 
undercut,  top 
should  not  be  loaded 

Low- 

Low;  excavate  to 
bedrock  for  heavy 
structures 

Aggregate 

Unconsolidated 

Low  to  moderate; 
toe  should  not  be 
undercut:  top 
should  not  he 
loaded 

Low;  boulders  may 
be  encountered 

Low  to  moderate 

Building  stone 

Unconsolidate<l 

Low  to  moderate; 
toe  should  not  be 
undercut ; top 
should  not  be 
loaded 

Low 

Low.  excavate  to 
bedrock  for  struc- 
tures 

Road  metal ; light- 
weight fill 

Very  slow  boulder  dis- 
integration ; boulders 
loose  but  large 

Low  to  high 

Difficult 

Unknown  probably 
low  to  moderate 

Building  stone 

Unconsolidateii 

].(Ow  to  moderate: 
toe  should  not  be 
undercut,  top 
should  not  be 
loaded 

Low;  boulders  will 
he  encountered 

Low;  excavate  to 
bedrock  for  heavy 

structures 

Impermeable  fill; 
l>uilding  stone 

Unconsolidated;  gravel 
pebbles  chemically 
weathered  and  soft 

Low  to  moderate; 
toe  should  not  be 
undercut ; top 
should  not  be 
loaded 

Low 

Low;  excavate  to 
bedrock  for  heavy 

structures 

Moderate  disintegra- 
tion; moderate  depth 
to  bedrock 

Moderate  to  high 

Moderate;  may  re- 
ijuire  some  auxil- 
iary breaking  or 
blasting 

High 

.Aggregate;  roofing 
granules 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate  to  high 

Difficult 

High 

Aggregate;  building 
stone 

Moderate  disintegra- 
tion: low  to  moderate 
depth  to  bedrock 

Moderate  to  high 

Moderate  to  difficult 

High 

Hoad  base  course 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate  to  high 

Difficult 

High 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate  to  high 

Difficult 

High 

Flagstone;  crushed 
rock 

Moderate  disintegra- 
tion: low  to  moderate 
depth  to  bedrock 

Moderate  to  high 

Difficult 

High 

Flagstone;  crushed 
rock 

Continued 
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Table  15. 


Map 

siymbol 

Formation 
or  Member 

Thickness 

(ft) 

Lithology 

Infiltration 

Capacity 

Aquifer 

Potential 

Dcsr 

Sawmill  Run 

m 

Sandstone;  red  silt- 
stone  in  bottom, 
middle  and  top 

Low  to  moderate 

Unknown;  probably 
moderate 

Dcp 

Packerton 

416 

Sandstone;  minor 
conglomerate,  silt- 
stone,  shale 

Low  to  moderate 

Unknown:  probably 
moderate 

Ddr 

Long  Run 

2363 

Red  sandstone,  silt- 
stone,  shale 

Low  to  moderate 

Yields  moderate  quan- 
tities of  water; 
moderate  well  depth 

Dobr 

Beaverdam  Run 

963 

Brown  siltstone 

Low  to  moderate 

Unknown;  probably 
moderate 

Dew 

Waicksville 

l>45 

Red  to  green  sand- 
stone, siltstone, 
shale 

Low  to  moderate 

Yields  moderate 
quantities  of  water; 
moderate  well  depth 

Dot 

Towamensing 

'liiO 

Sandstone;  siltstone 
in  middle 

Low  to  moderate 

Unknown  ; probably 
low  to  moderate 

Dtr 

Trimmers  Rock 

1042 

Well-bedded  siltstone, 
shale 

Low  to  moderate 

Yields  low  to  moderate 
quantities  of  water; 
moderate  to  deep 
well  depth 

Dinh 

Mahantango 

2100+ 

Siliceous  shale 

Low  to  moderate 

Yields  moderate 
quantities  of  water; 
moderate  well  depth 

Dmbf 

supper 

part) 

Marcellus 

.'00+ 

Clayey  shale 

Low  to  moderate 

Unknown;  probably 
low 

Dmbf 

lower 

part) 

Buttermilk  Falls 

40 

Limestone;  calcareous 
shale 

Moderate  to  high 

Unknown:  probably 
low 

Dp 

Palmerton 

100 

Quartz  sandstone 

Low  to  moderate 

Unknown;  probably 
low 

Use 

Schoharie-Esopus 

12-76 

Siltstone 

Low  to  moderate 

Unknown;  probably 
low 

Do 

upper 

part) 

Ridgeley 

'-50 

Conglomeratic  quartz 
sandstone 

Low  to  moderate 

Unknown;  probably 
low 
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Weathering  Excavation  Foundation  Mineral 

Character  Slope  Stability  Difficulty  Support  Strength  Resources 


Moderate  to  high  dis- 
integration; moderate 
depth  to  bedrock 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate  to  high  dis- 
integration; moderate 
depth  to  bedrock; 
forms  topographic 
low 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate  disintegra- 
tion; moderate  depth 
to  bedrock 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate  disintegra- 
tion; moderate  depth 
to  bedrock 


Moderate  disintegra- 
tion; moderate  to 
deep  depth  to  bed- 
rock 


Moderate  to  high  dis- 
integration; mod- 
erate to  deep  depth 
to  bedrock 

Deep  leaching;  deep 
depth  to  bedrock 


Variable;  low  to  high 
disintegration;  low 
to  deep  depth  to 
bedrock 

Low  to  moderate  dis- 
integration; low  to 
moderate  depth  to 
bedrock 

Moderate  to  high  dis- 
integration; low  to 
moderate  depth  to 
bedrock 


Moderate  to  difti-  High 

cult 


Moderate;  siltstone 
beds  disintegrate 
rapidly 

Moderate  to  high 


Moderate  to  high 


Moderate  to  high 


Moderate  to  high 


Moderate  to  high 


Low  to  moderate; 
disintegrates  rapidly 
when  exposed 

Low  to  moderate; 
disintegrates 
rapidly  when  ex- 
posed and  e'eav- 
age  is  prominent 

Low ; disintegrates 
rapidly  when  ex- 
posed 

Low 


Low  to  high 


M oderate 


Moderate 


Difficult 


Moderate;  may  re- 
(juire  some  auxil- 
iary breaking 


Moderate;  may  re- 
(juire  some  auxil- 
iary breaking 


Moderate;  may  re- 
(juire  some  auxil- 
iary breaking 

Moderate;  may  re- 
quire some  auxil- 
iary breaking 

Low  to  moderate 


Low- 


Low 


Variable;  low  to 
difficult;  usually 
requires  blasting 

Moderate  to  diffi- 
cult; may  require 
some  auxiliary 
breaking 

Moderate  to  diffi- 
cult ; may  require 
some  auxiliary 
breaking  or  blast- 
ing 


High 


High 


fligh 


High 


High 


Moderate  to  high 


M oderate 


Low 


Moderate 


Moderate  to  high 


Moderate 


Moderate;  may  re-  fligh 
(juire  some  auxiliary 
breaking 


Crushed  rock 


Roofing  granules 


Roofing  granules 


Roofing  granules 


Fill 


band 


band 
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Table  15. 


Map 

^'Symbol 

Formation 

or  Member 

Thickness 

(ft) 

Lithology 

Infiltration 

Capacity 

Aquifer 

Potential 

Do 

(lower 

part) 

Shriver-Xew 

Scotland 

t5-75 

Calcareous  shale, 
chert,  sandstone 

Low 

Unknown;  probably 
low 

Dtfsd 

Stormville-Decker 

140 

Siltslone,  sandstone, 
limestone 

Low  to  moderate 

High:  moderate  to 
deep  well  depths 

i<b\' 

Hossardville 

100 

Limestone 

Low 

Unknown;  probably 
low 

bpi 

Po.xono  Island 

300- 

800 

Shale,  siltstone,  dolo- 
mite, limestone 

Low 

Unknown;  probably 
moderate  to  high 

Sh 

Hloornsburg 

1500 

Siltstone,  shale, 
sandstone 

Low  to  moderate 

Moderate  to  high; 
moderate  to  deep 
well  depth 

Ssl 

Lizard  Creek 

1225 

Sandstone,  siltstone, 
shale 

Low  to  moderate 

Unknown:  probably 
low 

Minsi 

225 

Sandstone,  conglom- 
erate 

Low  to  moderate 

Unknown:  probably 
low 

bOsw 

Weiders 

50-220 

Conglomerate,  sand- 
stone 

Low  to  moderate 

Unknown;  probably 
low 

Omp 

Pen  Argyl 

liono 

Slate 

Low 

Moderate  to  high; 
moderate  well  depth 

( )mr 

Ramseyburg 

3000 

Slate,  sandstone 

Low  to  moderate 

Moderate;  moderate 
well  depth 

prevent  outflow  of  water  (e.g.,  a dejrression  filled  with  gravel)  the  unit 
will  generally  yield  very  little  water.  This  characteristic  of  water  loss 
from  such  permeable  materials  also  detracts  from  their  use  in  sewage 
disposal  since  these  materials  jrrovide  little  renovative  capacity  for  sewage 
contaminants.  T he  ratings  used  for  the  evaluation  of  aquifer  potential 
in  Table  15  have  the  following  meanings:  low  yield— less  than  10  gallons 
per  minute;  moderate  yield— airout  20  gallons  per  minute;  high  yield- 
over  50  gallons  per  minute;  moderate  well  depth— 100  to  150  feet. 
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Weathering 

Character 

Slope  Stability 

Excavation 

Difficulty 

Foundation 
Support  Strength 

Mineral 

Resources 

Moderate  to  high  dis- 
integration : deep 
leaching;  low  to  deep 
depth  to  bedrock 

Low  to  moderate 

Low  to  moderate 

Low  to  moderate 

Deep  leaching:  deep 
depth  to  bedrock 

Low  to  moderate 

Low  to  moderate 

Low  to  moderate 

Low  disintegration; 
low  depth  to  bed- 
rock 

Moderate  to  high 

Moderate  to  difficult 

High 

Aggregate;  agri- 
cultural lime 

Moderate  disintegra- 
tion; low  to  moderate 
depth  to  bedrock 

Moderate 

Moderate 

Moderate  to  high 

Low  to  moderate  dis- 
integration ; low  to 
moderate  depth  to 
bedrock 

Moderate  to  high 

Low  to  moderate; 
some  beds  may 
require  blasting 

High 

Road  metal 

Low  to  moderate  dis- 
integration; low  to 
moderate  depth  to 
bedrock 

Moderate  to  high 

Low  to  difficult; 
weathered  shale 
and  siltstone  may 
be  readily  ex- 
cavated with  light 
machinery 

High 

Low  disintegration; 
low  depth  to  bedrock 

Moderate  to  high 

Difficult:  very  slow- 
drilling 

High 

Building  stone; 
riprap 

Low  disintegration; 
low  depth  to  bedrock 

Moderate  to  high 

Difficult  ; very  slow- 
drilling 

High 

Building  stone; 
riprap 

Low  to  moderate  dis- 
integration; low  to 
moderate  depth  to 
bedrock 

Moderate  to  high 

Low  to  difficult ; 
slate  bedrock  may 
require  blasting 

Moderate  to  high 

Slate;  road  metal  ; 
lightweight 
aggregate 

Low  to  high  disinte- 
gration; low  to 
moderate  depth  to 
bedrock 

Moderate  to  high 

Low  to  moderate 

Moderate  to  high 

Road  metal 

W^eathering  Characteristics 

W^eathering  of  a given  unit  depends  on  the  pliysical  characteristics  of 
the  unit,  the  climate,  the  topographic  position,  and  the  vegetation. 
Weathering  occurs  by  chemical  alteration  and  physical  disintegration. 
The  most  prominent  torm  of  weathering  in  the  mapped  area  is  physical 
disintegration.  Exceptions  are  the  Illinoian(?)  glacial  deposits  and  the 
Buttermilk  Falls  Limestone,  .Shriver  Chert,  and  New  Scotland,  Coeymans, 
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and  Decker  Formations,  which  are  liighly  susceptilrle  to  chemical  altera- 
tion. Pliysical  disintegration  is  closely  related  to  the  number  of  parting 
planes  within  a given  unit  and  is  thus  aided  by  closely  spaced  bedding, 
cleavage,  and  joints.  Therefore,  greater  physical  disintegration  may  be 
expected  on  the  steeper  dipping  south  limbs  of  synclines  in  the  area, 
since  this  is  the  ])osition  of  greatest  development  of  planes  of  separation. 
The  data  presented  in  the  section  on  ground  water  indicate  that  solid 
bedrock  is  encountered  generally  at  depths  greater  than  35  feet.  The 
range  of  depths  to  bedrock  is  relatively  large  (1  to  more  than  150  feet)  . 
However,  the  greater  depths  to  bedrock  (over  35  feet)  may  reflect  a 
stisceptibility  of  highly  fractured  bedrock  to  breakage  during  drilling 
rather  than  reflect  actual  weathered  bedrock.  The  ratings  used  for  the 
evaluation  of  disintegration  stisceptibility  in  Table  15  are  relative  and 
only  estimate  the  rapidity  and  extent  of  breakdown.  The  depths  to  bed- 
rock are  based  on  well  data  and  in  general  mean:  shallow'— 0 to  20  feet; 
moderate— 21  to  50  feet:  deep— over  50  feet. 

Slope  Stability 

Both  natural  and  artificial  slopes  occur  in  the  mapped  area.  The  only 
evidence  of  natural  slope  instability  in  the  area  is  a landslide-mudflow 
deposit  on  the  north  side  of  Bear  Mountain  east  of  Jim  Thorpe.  This 
slide  appears  to  be  cjuite  old  and  presumably  resulted  from  extreme 
loading  of  colluvitim  by  water.  The  probability  of  a reoccurrence  of  such 
a slide  is  low’,  since  there  apjiear  to  be  no  similar  environmental  situa- 
tions in  the  area.  However,  thick,  stable  talus  and  colluvium  deposits 
present  on  many  slopes  are  potentially  unstable  when  modified  hy  man. 

Lhulercutting  the  toe  of  a slope  is  the  primary  modification  of  concern, 
riiis  occurs  mainly  during  highw'ay  construction  and  housing  develop- 
ment. In  geneial,  undercutting  a slope  composed  of  any  unconsolidated 
material  increases  its  instability.  There  is  no  evidence  in  the  mapped 
area  of  rapid  mass  movement  residting  from  modification  of  a slope 
composed  of  unconsolidated  materials,  but  there  are  several  examples  of 
accelerated  creep  (slow  mass  movement)  w'hich  have  resulted  from 
undercutting  these  slopes. 

I'he  second  modification  of  concern  is  loading  the  upper  part  of  the 
slope  (e.g.,  construction  of  buildings  or  highways)  . Such  loading  should 
be  done  only  after  consideration  of  the  slope  character  and  its  potential 
weakness.  In  general,  unconsolidated  materials  (e.g.,  colluvium,  talus) 
ha\e  a greater  instability  potential  than  consolidated  materials.  How- 
ever, bedrock  stability  in  both  undercutting  and  upper  slope  loading 
situations  will  de|)end  on  the  dip  and  strike  of  the  beds  relative  to  the 
slope  (these  are  shown  on  the  geologic  map,  Plate  1)  , and  the  abundance 
and  nature  of  planes  of  weakness  (e.g.,  bedding  planes,  cleavage,  joints, 
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faults).  Situations  in  whidi  planes  ol  weakness  parallel  the  slope  or  ilip 
less  steeply  but  in  the  same  direttion  as  the  slope  should  Ire  treated  with 
special  care. 

Most  man-made  cuts  warrant  carelid  evaluation  bclore  the  tut  is  made. 
Such  evaluation  should  include  determination  ot  planes  ot  weakness, 
their  susceptibility  to  iailure  and  the  tyjre  of  failure  expected.  I bis 
evaluation  must  be  made  even  though  the  lock  is  rated  moderate  or  high 
in  slope  stability.  \"aluable  inlormation  can  often  Ire  gained  from  exist- 
ing roadcuts  in  the  same  rock  material. 

.Artificial  cuts  in  bedrock  are  numerous  in  the  map]red  area  aitd  indi- 
cate that,  although  no  major  slcrpe  failures  have  resulted  trom  the  cuts, 
the  susceptibility  of  the  rock  ter  mechanical  distintcgratioti  has  been  in- 
creased. rhe  reaction  ot  anv  given  rock  to  maximum  weathering  ex- 
posure depends  largely  on  the  nature  of  its  planes  of  weakness;  the 
gieater  the  number  and  the  closer  the  spacing  ol  such  planes,  the  greater 
the  susceptibility  to  mechanical  disintegration.  For  example,  the  large 
exposure  of  I’rimmers  Rock  Formation  along  Pa.  Route  218  immedi- 
ately north  of  Bowmanstown  has  altundant  planes  ot  weakness  and  dis- 
integrates rapidly.  In  contrast,  extensive  exposures  ot  rocks  in  the  Berry 
Run,  Clark’s  Ferry,  and  Duncannon  .Members  ot  the  Catskill  Formation 
along  L1..S.  Route  209  south  ot  |im  Thorpe  disintegrate  at  a somewhat 
slower  rate  as  a result  ot  fewer  and  more  widely  sjraced  jdanes  of  weak- 
ness. The  ratings  used  tor  evaluation  of  slope  stability  in  I'able  15  are 
only  relative  and  have  no  standard  measure.  In  general,  an  artificial 
slope  with  a steep  slope  (\ertical  to  45  degrees)  , rated  low  in  stability, 
would  fail  through  gravity  movement  or  very  rapid  rock  disintegration 
along  planes  ot  weakness.  .Artificial  slopes  ot  moderate  stability  would 
fail  only  under  unusual  circumstances  (such  as  eartlujuakes)  , but  might 
have  some  rock  disintegTation  along  planes  ot  weakness.  Slopes  of  high 
stability  would  be  troidile  free. 

Excavation  Difficulty 

Unconsolidated  materials  in  the  area  will  generally  present  no  diffi- 
culty to  excavation  except  that  some  colluvial  and  till  deposits  may 
contain  large  boulders.  Excavation  difficulty  of  bedrock  materials  will 
depend  upon  the  depth  of  mechanical  disintegration,  which  is  closely 
related  to  the  planes  of  weakness  within  the  rock.  Oidy  those  units  with 
closely  spaced  joints  and  bedding  planes  (e.g..  Trimmers  Rock  Forma- 
tion, 1 owamensing  Member  of  the  Catskill  Formation)  or  good  cleavage 
development  (e.g.,  Walcksville  and  Fong  Run  Members  of  the  Catskill 
Formation)  will  be  relatively  easy  to  excavate  to  moderate  depths.  The 
more  massive  units  with  widely  spaced  joints  (e.g.,  Packerton  and 
Clark’s  Ferry  Members  of  the  Catskill  Formation)  will  normally  be 
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difficult  to  excavate.  The  ratings  used  to  evaluate  excavation  difficulty  in 
I’able  15  are:  low  diffit  ulty  excavation— backhoe  and  shovel  operations 
proceed  easily;  moderate  difficulty  excavation— may  require  break-up  of 
harder  beds  with  tractor-ripper;  difficult  excavation— requires  blasting. 
This  is  a general  guide  based  on  rock  type. 

Foundation  Support  Strength 

Bedrock  in  the  area  should  give  moderate  to  good  foundation  support 
strength  for  almost  any  type  of  structure.  However,  depth  to  solid  bed- 
rock is  variable  in  the  area  and  the  support  strength  of  the  soil  and 
broken  rock  will  be  less  than  that  of  solid  bedrock.  The  foundation 
support  strength  of  unconsolidated  materials  will  depend  on  the  nature 
of  the  material,  slope,  and  moisture  conditions,  but  generally  it  will  be  low. 
The  ratings  of  foundation  support  strength  used  in  Table  15  are;  low- 
support  largely  by  floating  foundations  or  piers  sunk  into  adjacent  high- 
support  strength  units;  moderate— may  require  some  pier  support  for 
stability;  high— structures  supported  by  conventional  footings. 

Mineral  Resources 

The  potential  economic  products  of  the  area  are  discussed  in  detail  in 
the  section  on  mineral  resources  and  the  listing  in  Table  15  serves  only 
as  a reference  to  that  section. 

SOILS 

The  soils  of  the  mapped  area  are  covered  in  soil  reports  for  Carbon 
(Fisher  and  others,  1962)  and  Lehigh  (Carey  and  Yaworski,  1963) 
Counties.  These  reports  describe  the  soils,  interpret  their  land  capability, 
woodland  use  and  engineering  properties,  and  present  a soils  map  at 
a scale  of  1;  20,000. 

A comparison  of  the  soils  map  and  soils  description  with  the  geologic 
maps  accompanying  this  report  (Plates  1 and  2)  shows  some  differences 
between  the  soil  survey  interpretation  of  parent  materials  and  the 
lithologies  shown  on  the  maps  accompanying  this  report.  These  differ- 
ences do  not  appear  to  be  significant  from  the  environmental  point  of 
view  and  presumably  reflect  only  different  interpretations  of  the  regolith. 

CLIMATE 

The  Lehighton  and  Palmerton  quadrangles  are  under  the  influence 
of  a humid  middle-latitude  continental  climate  (Strahler,  1951,  p.  349, 
374-375)  . This  climate  results  from  “repeated  invasions  and  interactions 
of  tropical  and  polar  airmasses’’  which  have  contrasting  characteristics. 
The  presence  of  numerous  mountains,  ridges  and  valleys  causes  consider- 
able local  variation  in  climatic  conditions,  particularly  in  the  form  of 
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frost  pockets  in  the  valleys  and  deflection  of  storms  whidi  residts  in  wide 
differences  in  local  rainfall. 

R ainfall  is  ample  throughont  the  year  (Figures  166  and  167),  l)nt 
highest  in  the  summer  when  tiopical  air  masses  dominate.  The  data  in 
Figures  166  and  167  suggest  that  Blue  Mountain  may  have  a rain-shadow 
effect  on  precipitation,  resulting  in  5 to  nearly  7 inches  per  year  less 
rainfall  south  of  Palmerton  than  at  Jim  T horpe.  FTgitre  168  shows  the 
distribution  of  precipitation  at  Jim  Thorpe  in  years  ol  rainfall  extremes 
and  T able  16  indicates  the  relative  distribution  ol  rain  days  and  monthly 
snowfall  amounts. 

Annual  temperature  range  for  the  area  is  large  (Figure  169)  ; the  cold 
winter  temperatures  result  from  frec|uent  continental-polar  air-mass  in- 
vasions. T he  relationship  between  temperature,  snowfall  and  peak  stream 
discharge  is  discussed  below  in  the  section  on  surface  water.  Table  16 
indicates  the  distribution  of  frost  days.  Frosts  generally  do  not  occur 
betw'een  May  1 and  October  8,  but  frost  extremes  have  occurred  on  May 
29  and  .September  8.  The  length  of  the  growing  season  is  about  160  days. 

Winds  in  the  area  are  mainly  from  the  west,  although  some  change  to 
the  north  occurs  in  winter,  partictdarly  at  higher  elevations.  Tornadoes 
have  not  been  observed  in  Carbon  County,  but  a few  tornadoes  have  been 
observed  in  Lehigh  and  Northampton  Counties  (Dailey,  1970). 

URBAN  AND  INDUSTRIAL  WASTE  DISPOSAL 

T he  subject  of  urban  waste  disposal  is  too  large  and  complicated  to  be 
treated  here  in  more  than  a sujrerhcial  manner.  Interested  persons  are 
referred  to  relevant  literature  on  the  subject  (e.g.,  Flawn,  1970),  and 
persons  involved  in  planning  waste-disposal  facilities  should  seek  the 
assistance  of  qualified  geologists  as  well  as  the  Pennsylvania  Department 
of  Environmental  Resources. 

In  general,  urban  and  industrial  waste  falls  into  two  categories;  solid 
and  liquid.  Solid  wastes  are  usually  treated  either  by  incineration,  which 
may  contribute  to  air  pollution,  or  by  sanitary  landfills  in  which  waste 
accumulation  is  covered  and  compacted  with  a layer  of  earth  to  contain 
and  isolate  the  fill.  Proper  sanitary  landfills  require  careful  site  selection 
in  order  to  meet  three  basic  conditions:  (1)  the  site  should  be  above  the 
ground-water  table,  (2)  the  permeability  of  the  earth  material  shoidd  be 
sufficiently  low'  to  retard  movement  of  contaminants,  and  (3)  produced 
contaminants  should  not  be  able  to  reach  the  grouncl-w'ater  reservoir. 
Proper  selection  of  a sanitary-landfill  site  requires  carefid  preliminary 
geological  and  soils  investigation. 

laquid-waste  disposal  involves  wholesale  dumping  of  untreated  con- 
taminants into  the  environment,  which  should  not  be  tolerated,  and 


MONTHS  MONTHS 


Figure  166.  Mean  monthly  precipitation  at  four  recording  stations  in  or  near  the 
Lehighton-Palmerton-Jim  Thorpe  area.  Mean  annual  precipitation  indi- 
cated beneath  name  of  recording  station.  Length  of  station  record  (in 
years) : Jim  Thorpe,  66;  Lehighton,  45;  Palmerton,  43;  and  New  Tripoli, 
22.  Data  from  U.S.  Department  of  Commerce  (1964). 


dumping  of  treated  liquids  into  the  environment,  which  should  be  done 
with  discretion.  Common  practice  is  to  init  treated  or  partly  treated 
liquids  into  a stream,  such  as  the  Lehigh  River.  However,  these  wastes 
often  have  a long-term  harmful  effect  on  the  downstream  character  of 
the  water  body  and  alternate  disposal  methods  should  be  considered 
(Rudd,  1972).  A particularly  valuable  method  of  disposal  that  is  feasible 
under  special  conditions  is  that  of  recharging  the  ground-water  supply 
through  spray  irrigation  with  renovated  sewage  effluent  (Parizek  and 
others,  1967)  . Such  disposal  also  has  beneficial  agricultural  effects.  Plan- 
ning for  such  a system  requires  careful  investigation  of  the  soil  and 
geologic  conditions  prior  to  installation  (McGlade  and  others,  1972). 

SURFACE  WATER 

Information  related  to  surface  water  in  the  mapped  area  is  summarized 
in  papers  by  Parker  and  others  (1964)  and  McCarren  and  Keighton 
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Figure  167.  Map  of  the  Lehighton  and  Palmerton  quadrangles  showing  average  annual 
precipitation,  1921-1950.  From  Parker  and  others  (1964).  Contours  of 
average  annual  precipitation  in  inches. 


(1969)  . The  most  recent  studies  of  the  hydrology  south  of  Blue  Mountain 
are  by  Wood  and  others  (1972)  . Other  information  used  in  the  follow- 
ing discussion  is  taken  from  various  U.S.  Geological  Survey  reports 
(U.S.  Geol.  Survey,  1942,  1943,  1944,  1945,  1946,  1947,  1949,  1950,  1951, 
1952,  1953,  1954b,  1955,  1956,  1958a,  1958b,  1959,  1960a,  1960b,  1960c, 
1961a,  1961b,  1962a,  1962b,  1963,  1964,  1965,  and  1966)  which  present 
tabulations  of  yearly  gaging  station  data. 

All  of  the  mapped  area  drains  into  the  Lehigh  River  and  three  stream 
gaging  stations  within  the  area  allow  some  analysis  of  sediment  loss  and 
water  quantity  and  quality.  These  gaging  stations  are  located  north  of 
Parryville,  at  Palmerton,  and  at  Walnutport.  Table  17  presents  some 
basic  data  related  to  the  surface  water  of  the  area  and  indicates  the 
magnitude  of  stream  flows  recorded.  Figure  170  shows  the  mean  monthly 
discharge  of  water  for  the  three  gaged  streams  of  the  area.  Of  interest  in 
this  figure  is  the  close  correspondence  of  discharge  characteristics  be- 
tween the  three  streams,  the  peak  discharge  during  March  and  April 
and  the  secondary  maximum  discharge  peak  in  December. 

A comparison  of  Figure  170  w4th  Figure  166  indicates  that  there  is  no 
relationship  between  peak  rainfall  (July  and  August)  and  peak  dis- 
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Month 

Figure  168.  Monthly  precipitation  records  at  Jim  Thorpe  for  the  wettest  (1952)  and 
driest  (1930)  years  on  record  for  the  period  1890-1959.  Data  from  U.S. 
Department  of  Commerce  (1964). 


charge.  Climatic  data  for  the  Pocono  plateau,  as  typified  in  Table  16 
(U.S.  Dept.  Commerce,  1964),  indicate  that  most  of  the  snowfall  occurs 
from  December  through  March  and  is  distributed  more  or  less  evenly 
over  this  four-month  period.  Discharge  and  snowfall  have  a close  rela- 
tionship to  temperature  (Figure  169)  . During  December,  the  first  month 
of  heavy  snowfall,  the  mean  temperature  is  above  freezing,  resulting  in 
considerable  melting,  runoff,  and  increased  discharge.  While  January 
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Figure  169.  Temperature  records  for  Palmerton  based  on  28-year  record.  Data  from 
U.S.  Department  of  Commerce  (1964). 
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Table  16.  Miscellaneous  Climatic  Data  for  the  Lehighton-Palmerton 

Quadrangle  Area 

(Data  from  U.S.  Department  of  Commerce  (1964),  based  on  10-year  records  for  1951-60) 


Mean  Number  of  Days  with  Precipitation  > 0.10  or  > 0.50  Inch 
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Table  17.  Miscellaneous  Surface  Water  Data  for  the  Lehighton  and 

Palmerton  Quadrangles 


(Data  from  McCarren  and  Keighton,  1969) 


Gaging  Station 

Pohopoco  Creek  Aquashicola  Creek 
north  of  Parryville  at  Palmerton 


Lehigh  River 
at  Walnutport 


Drainage 

area  (sq.  mi.) 

109 

76.7 

889 

Average 

discharge  (cfs) 

209 

145 

1,729 

Maximum 

discharge  (cfs) 

5,300  (5/23/42) 

11,700  (7/10/45) 

77,800  (8/19/55) 

Minimum 

discharge  (cfs) 

13  (9/25/64) 

2.6  (9/12/57) 

57  (7/27/65) 

Maximum 

flood  height  (ft.) 

— 

— 

20.6  (5/23/42) 

Mean  Discharge  in  c.f.s. 
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Month 

Figure  170.  Mean  monthly  discharge  of  water  in  the  Lehigh  River,  Pohopoco  Creek, 
and  Aquashicola  Creek,  Carbon  County,  Pennsylvania.  Scale  on  right  side 
applies  to  Lehigh  River  only.  Scale  on  left  applies  to  Pohopoco  and  Aqua- 
shicola Creeks.  Monthly  means  based  on  21 -year  record  (1946-1966)  for 
Lehigh  River;  27-year  record  (1940-1966)  for  Pohopoco  Creek;  and  a 
26-year  record  (1939-1966)  for  Aquashicola  Creek.  Data  from  gaging 
station  records  at  Parryville,  Palmerton,  and  Walnutport. 
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and  February  are  high  snowiall  months,  they  are  also  months  with  mean 
temperature  below  freezing  and  thus  ha\e  a corresponding  water  reten- 
tion. In  Marclt  the  mean  temperatuie  rises  to  well  above  freezing,  which 
results  in  melting,  runoff,  and  increased  discharge  in  response  to  heavy 
snowfall. 

.■\lthough  the  data  in  Figure  170  indicate  that  peak  discharges  on  the 
Lehigh  River  normally  occur  in  Novemlrer  or  December,  large  discharges 
may  occur  at  any  time  during  the  year.  'Fable  17  shows  that  maximum 
known  discharges  for  the  three  gaged  streams  in  the  area  are  not  related 
in  month  or  year  and  also  did  not  occur  in  the  months  of  normal  peak 
discharge.  Historically,  one  of  the  most  extensive  floods  of  the  Lehigh 
River  occurred  on  June  4 and  5,  1862.  According  to  reports  in  Mathews 
and  Hungerford  (1884)  rain  started  on  the  afternoon  of  June  3rd  and 
fell  heavily  until  11:00  a.m.  on  Jtme  5th.  The  resulting  flood  destroyed 
or  damaged  most  of  the  Lehigh  Canal  structures  between  White  Haven 
and  Jim  Thorpe  and  that  section  of  the  canal  was  never  rebuilt.  Accord- 
ing to  Morton  (1946)  , this  flood  reached  a height  of  27  feet  above  a dam 
then  in  existence  at  Jim  Thorpe  (crest  of  dam  estimated  at  7 feet  above 
present  stream  level).  Morton  (1946)  also  indicates  that  a more  severe 
flood  occurred  in  1869  and  that  the  most  severe  flood  known  occurred 
in  1841. 

During  July  and  August,  1969,  the  area  experienced  excessive  rainfall 
and  restdtant  flooding.  Heavy  rainfall  fell  throughout  most  of  Carbon 
and  Monroe  Counties  on  July  28  and  29  and  in  parts  of  Carbon  and 
Schuylkill  Counties  on  August  1 and  2.  Table  18  presents  some  data 
collected  from  several  streams  in  the  area  following  the  July  rains. 
Damage,  if  any,  resulting  from  flooding  of  these  streams  is  not  known. 

Intensive  rainfall  in  the  Jim  Thorpe  and  Lehighton  area  on  August  1 
and  2,  1969,  resulted  in  extensive  flood  damage  to  Jim  Thorpe.  Rainfall 
records  in  Jim  Thorpe  indicate  that  11.65  inches  fell  in  July— 7.65  inches 
above  normal.  A moderate  portion  of  this  fell  on  July  28th  when  Mauch 
Chunk  Creek  came  within  one  foot  of  overflowing  its  banks.  In  an 
already  rain  saturated  area,  rainfall  on  August  1 and  2 was  as  follows: 
.\ugust  1,  4:15  to  6:30  p.m.— 1.60  inches;  August  1,  8:15  p.m.  to  August 
2,  7:00  a.m.— 4.02  inches.  Lehighton  experienced  5.35  inches  of  rainfall 
between  8:00  p.m.  on  August  1 and  12:30  a.m.  on  August  2.  The  rainfall 
caused  flooding  of  Mauch  Chunk  Creek  and  resulted  in  over  .$250,000 
worth  of  damage  in  Jim  Thorpe. 

Extensive  flooding  in  various  parts  of  Carbon,  Monroe,  and  Schuylkill 
Counties  during  late  July  and  early  August,  1969  caused  a total  of  over 
.$3.3  million  damage.  The  area  as  a whole  is  subject  to  local  or  wide- 
spread intense  rainfall  during  almost  any  time  of  the  year. 
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Recent  construction  ol  the  Francis  E.  Walter  Dam  across  the  Lehigh 
River  about  16  miles  north  ol  Jim  Thorpe  has  reduced  the  severity  of 
Lehigh  River  floods  by  impounding  flood  waters  in  the  upper  Lehigh 
River  drainage  basin.  Controlled  release  of  water  from  this  dam  during 
the  intense  rainfall  period  of  1969  prevented  flood  damage  along  the 
Lehigh  River.  However,  some  flooding  may  still  be  anticipated  in  the 
mapped  area  and  construction  on  river  floodplains  is  not  recommended, 
d he  new  Belt/ville  Dam  across  Pohopoco  Creek  will  further  reduce  flood 
potential  by  controlling  lloodwaters  in  that  stream. 

Data  are  available  which  show  the  variation  in  suspended  sediment 
and  mean  discharge  for  the  period  May,  1947  through  March,  1953  at 
the  Walnutport  gaging  station  (U.S.  Geol.  Survey,  1950,  1951,  1952,  1953, 
1954a,  1955,  and  1956).  1 he  data  indicate  a close  correspondence  between 
discharge  and  stispended  load.  Of  interest  is  Figure  171  which  shows  two 
examples  of  the  normal  flood-sediment-discharge  relationship.  In  a flood 
of  two  or  more  days’  duration,  peak  sediment  load  normally  precedes 
peak  discharge.  This  phenomenon  presumably  indicates  that  initial  run- 
oH  and  increased  stream  velocity,  by  virtue  of  their  position  in  time, 
erode  and  transport  more  sediments  than  later  peak  flow  because  more 
material  is  available  to  the  earlier  flow. 

I he  data  reported  in  U.S.  Geological  Survey  (1954a)  indicate  that 
tinder  normal  flow  conditions  the  material  composing  the  Lehigh  River 
sediment  load  is  mainly  finer  than  coarse  silt.  No  data  are  available  for 
flood  conditions  or  lor  other  streams  in  the  area. 

Chemical  analyses  of  water  from  the  I,ehigh  River  and  several  tribu- 
taries are  presented  in  McCarren  and  Keighton  (1969;  Table  6). 

Flood  frecjuency  and  magnitude  studies  have  been  made  for  Aquashi- 
cola  Creek  by  Reich  (1969)  and  Figure  172  is  a flood  frequency  and 
magnitude  predictive  curve  modified  from  that  report.  This  figure  in- 
dicates that  the  mean  flood  will  occur  every  2.33  years  and  have  a dis- 
charge of  2,480  cubic  feet  per  second  at  the  gaging  station  1.25  miles 
upstream  from  the  stream  mouth.  4'he  mean  flood  discharge  may  nor- 
mally be  expected  to  deviate  up  to  2,081  ctibic  feet  per  second  (standard 
deviation  value)  from  the  predicted  discharge  value.  Figure  172  may  be 
used  to  jrredict  flood  discharge  values  for  other  return  periods  (e.g.,  a 
flood  with  a discharge  of  about  4,600  cfs  may  be  expected  about  every 
10  years)  . Interested  persons  are  referred  to  the  report  by  Reich  (1969) 
for  further  information  on  the  original  data,  computation  of  the  pre- 
dictive curve,  and  other  predictive  curves. 

GROUND  WATER 

Ground  water  is  part  of  a circulatory  system  known  as  the  hydrologic 
cycle.  In  the  hydrologic  cycle,  water  falls  to  the  ground  as  rain  or  snow 
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Figure  171.  Examples  of  peak  variations  in  suspended  sediment  and  mean  discharge 
for  the  Lehigh  River  at  Walnutport,  Pennsylvania.  Note  that  peak  sediment 
load  generally  precedes  peak  discharge.  Data  from  U.S.  Geol.  Survey 
(1953,  1954a). 
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Figure  172.  Flood  frequency  and  magnitude  predictive  curve  for  Aquashicola  Creek,  Carbon  County,  Pennsylvania  (modified  from  Reich, 
1969,  p.  51). 
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and  either  flows  over  the  surface  as  runoff  to  streams  or  infiltrates 
into  the  grotind  following  openings  in  the  rock.  Some  of  the  infdtrating 
water  is  taken  tip  by  plants  and  put  back  into  the  air  by  transpiration, 
while  some  water  is  put  back  into  the  air  by  evaporation  Irom  streams 
and  lakes.  This  water  eventually  falls  as  rain,  thus  repeating  the  cycle. 
T he  zone  above  the  ground-water  table  contains  variable  amounts  of 
water  moving  slowly  downward,  and  wells  drilled  into  this  zc^ne  are 
ustially  dry.  The  zone  below  the  ground-water  table  is  saturated  with 
water,  and  wells  drilled  into  this  zone  usually  will  produce  water,  d’he 
ground-water  table  is  irregular,  generally  conforms  to  the  hills  and  val- 
leys, and  sometimes  intersects  the  surface  in  valleys  at  streams,  rhere  is 
movement  of  ground  water  from  higher  to  lower  elevations  within  the 
saturated  zone.  Thus,  effluent  from  a waste-disposal  system  at  a hilltop 
would  infdtrate  downward  to  the  ground-water  table,  move  downslope, 
and  might  contaminate  a well  intake  in  the  valley;  such  situations  are 
to  be  avoided. 

Some  grotind-water  information  lor  the  majrped  area  is  presented  by 
Lohman  (1937,  ]3.  79-87),  Hall  (1931),  Poth  (1972),  and  Wood  and 
others  (1972)  , and  data  for  more  recently  drilled  wells  are  presented  in 
Table  19.  These  data  are  listed  in  township  gTOuynngs  and  organized 
stratigraphically  in  order  of  certainty  of  identification  of  the  producing 
horizon.  Table  29  stimmarizes  the  data  of  Table  19  for  lotir  specific  rock 
units  within  the  mapped  area.  The  data  in  Table  29  were  analyzed  in  a 
variety  of  ways  (e.g.,  township  versus  unit;  certainty  of  tinit  versus  town- 
ship; total  wells  versus  area)  , but  only  the  total  wells  versus  unit  and 
total  wells  versus  area  data  are  reported,  since  no  significant  differences 
were  noted  between  the  results  of  the  several  analytical  approaches. 

Table  29  indicates  a similarity  in  ground-water  occtirrence  between 
the  various  source  rocks.  The  deeper  average  depth  of  well  for  the  Trim- 
mers Rock  Formation  is  a reflection  of  a number  of  wells  drilled  in  the 
Forest  Inn  area  on  a topographically  high  position. 

The  data  in  Tables  19  and  29  indicate  that  moderate  qtiantities  of 
water  are  available  from  bedrock  throtighout  the  area.  No  data  are 
available  on  water  from  several  of  the  rock  units  (e.g.,  Marcellus  and 
Pocono  Formations,  several  members  of  the  Catskill  Formation)  , but 
these  units  probably  have  abotit  the  .same  potential  as  those  units  for 
which  data  exist.  Although  the  range  is  large,  wells  drilled  in  any  forma- 
tion in  the  area  need  generally  be  less  than  1.59  feet  deep  and  the  static 
water  level  will  generallv  be  more  than  49  feet  deep.  Artesian  conditions 
are  uncommon  and  known  mainly  in  East  Jim  Thorpe  where  the  strtic- 
ttire  of  the  bedrock  (syncline)  is  ideally  suited  for  artesian  flow.  In  the 
remainder  of  the  area  there  is  not  sufficient  structural  relief  to  develop 
an  adequate  head  for  artesian  flow.  Althotigh  water  yield  varies  con- 
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1 Line  under  map  unit  indicates  positive  identification;  no  line  under  map  unit  indicates  probable  identification;  question  mark  after  map  unit 
indicates  possible  identification;  question  mark  alone  indicates  identification  unknown. 

Descriptions  are  given  in  drillers’  terminology. 
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Table  20.  Summary  of  Water-Well  Data  Presented  In  Table  19  for  the 
Lehighton  and  Palmerton  7y2-Minute  Quadrangles 

Average  * 


Formation  or 
member 

Map 

symbol 

Number 

of  wells 

Depth  to 
bedrock  (ft) 

Depth  of 
well  (ft) 

Yield 

(gpm) 

Static  water 
level  (ft) 

Mahantango 

Dmh 

80 

38 

133 

23 

37 

(1-136) 

(60-332) 

(3-150) 

(1-180) 

Trimmers  Rock 

Dtr 

15 

37 

204 

14 

71 

(18-56) 

(48-475) 

(8-35) 

(6-200) 

Long  Run 

Dclr 

8 

44 

126 

22 

76 

(10-75) 

(97-155) 

(12-30) 

(55-112) 

^Valcksville 

Dew 

10 

41 

132 

20 

41 

(13-135) 

(65-265) 

(8-30) 

(8-85) 

All  other  rock  units 

29 

44 

175 

22 

48 

(4-95) 

(82-405) 

(5-100) 

(0-125) 

Total  for  the  area 

142 

40 

150 

22 

46 

* Values  in  parentheses  indicate  ranges. 


siderably,  tlie  average  well  can  be  expected  to  yield  about  22  gallons  of 
good  quality  water  per  minute.  Analyses  ot  water  from  the  wells  in 
T able  19  are  not  available,  but  some  chemical  analysis  data  for  public 
water  supply  wells  are  presented  in  Table  22. 

Ground-water  conditions,  an  inventory  of  water  wells,  and  the  quality 
of  water  in  the  Martinsburg  Formation  south  of  Blue  Mountain  are 
discussed  by  Poth  (1972)  and  Wood  and  others  (1972).  According  to 
these  authors  the  yields  of  nondomestic  water  wells  average  144  gpm  in 
Lehigh  County  and  122  gpm  in  Northampton  County  in  the  Pen  Argyl 
Member.  Yields  are  highest  near  Blue  Mountain  because  of  unconsoli- 
dated material  that  acts  as  a reservoir  overlying  the  bedrock.  Yields  in 
the  Ramseyburg  Member  average  25  gpni  in  Lehigh  County  and  about 
30  gpm  in  Northampton  County  in  nondomestic  wells.  Yields  in  domestic 
wells  are  consideral)ly  less  than  in  nondomestic  wells. 

Springs 

T he  occurrence  of  springs  was  not  specifically  recorded  during  map- 
ping. However,  several  springs  occur  in  the  topographic  trough  of  the 
Weir  Mountain  syncline  (bounded  on  the  north  by  the  ridge  immediately 
south  of  Pohopoco  Creek  and  on  the  south  by  the  first  ridge  north  of 
Stony  Ridge)  . Permeable  sandstones  overlying  impermeable  red  .shales 
in  the  Walcksville  Member  combined  with  bedding  dip  create  an  en- 
vironment favorable  to  the  development  of  springs. 
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PUBLIC  WATER  SUPPLY 


1 he  boiouglis  ot  Jim  1 horpe,  Lehightoii,  Bownianstown,  and  Pal- 
- merton  are  served  by  public  water  supplies.  Basic  data  related  to  these 
'w’l  supplies  are  presented  in  Table  21  and  chemical  analyses  ot  various 
waters  are  presented  in  Table  22.  More  tom]jlete  data  are  on  hie  at  the 
il  Pennsylvania  Department  ol  Environmental  Resources,  idarrisburg,  Penn- 
) I sylvania.  In  1970,  the  existing  puldic  water  supplies  were  adetjuately 
i serving  the  needs  ol  their  consumers  and  proposed  expansion  programs 
' of  the  variotis  water-supply  concerns  indicate  growth  calculated  to  meet 
I and  stay  ahead  ot  expected  demand.  An  expansion  program  tor  the  city 
i'  of  Palmerton  proposes  extraction  ol  Pohopoco  Creek  water  at  Parryville, 
il  piping  to  Palmerton,  and  tlistribution  following  treatment.  Two  analyses 
I (samples  6 and  7,  I'able  22)  of  raw  Pohopoco  Creek  water  at  Parryville 
ij  indicate  that  treatment  is  necessary  before  the  water  is  suitable  lor 
' human  consumption. 

■ Private  and  commercial  water  demand  in  the  mapped  area  will  prob- 
ably continue  to  grow  at  a slow  rate  and  thus  not  strain  the  ability  of 
existing  public  water  supplies  to  keep  pace  with  demand.  However, 

' future  development  of  water  supply  may  result  mainly  from  wells  since 
I there  are  few  good  sites  in  the  area  for  impotmding  reservoirs.  Some 
streams  in  the  dissected  center  of  the  WTir  Mountain  syncline  (Plate  1) 

' are  probably  suitable  for  impoundment,  but  the  high  population  density 
makes  the  sites  undesirable.  Good  water  supplies  occur  in  numerous 
1 tributaries  to  the  I.ehigh  River  in  the  unpopulated  area  north  of  Jim 
Thorpe,  but  transport  of  the  water  to  Jim  Thorpe  or  places  further 
t south  would  be  costly  and  probably  feasible  only  as  a restilt  of  greatly 
I increased  demand. 

: Public  water  supplv  for  the  borotigh  of  Slatington  is  obtained  from 

springs  and  fotir  wells  with  a total  yield  of  1.1  mgd  (Wood  and  others, 
1972)  . According  to  these  authors,  between  ,5  and  10  additional  wells  in 
the  Martinsbtirg  Formation  wotdd  satisfy  the  borough’s  anticipated  needs 
J by  the  year  2020.  The  Lehigh  River  might  be  an  alternative  sotirce,  btit 
the  water  of  the  river  has  a low  pH  and  may  be  corrosive  and  special 
1 treatment  may  be  recjuired. 


EARTHQUAKES 

The  mapped  area  is  in  the  western  part  of  a region  of  considerable 
but  moderate  earthquake  activity  in  which  “Earthqtiakes  occur  through- 
out the  region  and  the  axis  of  principal  activity  roughly  parallels  the 
coast”  (Eppley,  1965,  p.  19).  Although  a few  minor  earthquakes  have 
had  epicenters  in  Wilkes-Barre,  Allentown,  Philadelphia,  Lehigh  Valley, 
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and  Sinking  Spring,  Pennsylvania,  the  mapped  area  has  not  been  ad- 
versely aliected  by  any  major  earthquakes  ot  historical  record. 

The  location  of  epicenters  of  earthquakes  with  Mercalli  intensities  of 
V-VI  (quakes  felt  by  nearly  everyone  in  the  e})icentral  area;  some  dishes 
and  windows  Ijroken;  some  cracked  plaster,  etc.)  in  Lehigh  and  North- 
ampton Counties  are  given  by  Bromery  (in  U.S.  Geol.  Survey,  1967)  . 


MINERAL  RESOURCES 


Many  naturally  occurring  or  man-made  resources  in  the  Lehighton 
and  Palmerton  quadrangles  have  been  exploited  or  are  potentially  us- 
able. I'heir  use  has  contributed  to  the  economic  development  of  the  area 
and  to  the  location  of  the  areas  of  greatest  population  density.  Decisions 
concerning  land  use  will  have  to  take  into  account  the  location  of  poten- 
tial resources. 


SAND 

Nearly  a Iialf  million  tons  of  general-use  and  refractory  sand  are  pro- 
duced yearly  from  the  Middle  Devonian  Palmerton  Formation  at  several 
cjuarries  between  Little  Gap  in  the  eastern  part  of  the  mapped  area  and 
.\ndreas,  16  miles  to  the  southw'est  in  Schuylkill  County.  The  production 
of  sand  at  these  quarries  represents  the  only  major  utilization  of  natural 
economic  resources  in  the  map]jed  area  north  of  Blue  Mountain. 

The  geology  of  the  Palmerton  Formation  is  discussed  elsewhere  (see 
sections  on  stratigraphy  and  structure)  . Emphasis  is  placed  on  the  clay 
and  hematite  contaminants  which  affect  the  quality  of  this  unit.  The 
clay  is  a source  of  alumina  contaminant,  but  the  alumina  can  usually 
be  reduced  to  a minimum  c|uantity  by  washing  after  crushing  of  the 
sandstone.  T he  hematite  represents  a more  serious  contaminant  which 
often  residts  in  waste  rock  because  of  the  cfifficulty  of  removal.  Excess  silica 
cementation  jnoduces  a quartzitic  rock  which  is  difficult  to  crush  and 
often  results  in  consideraltle  waste  rock.  For  a more  extensive  discussion 
of  these  aspects,  the  reader  is  referred  to  Sevon  (1970)  . 

The  Palmerton  Formation  is  extensively  folded  into  a series  of  plung- 
ing overturned  anticlines  and  synclines  which  will  hereafter  be  called 
antiforms  and  synforms  for  simplicity.  These  structures  control  the 
suitability  of  tjuarry  sites  in  the  Palmerton  Formation.  Figure  173  shows 
cross  sections  and  map  patterns  of  three  common  structural  settings  in 
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Figure  173.  Map  patterns  (upper  set)  and  cross  sections  dower  set)  of  three  structural 
settings  of  the  Palmerton  Formation  in  the  mapped  area.  The  structural 
settings  are  rated  for  quarry  site  desirability  as  follows:  A,  poor,  B,  good ; 
C,  best.  Cross-hatch  pattern  indicates  area  of  potential  sandstone  re- 
moval. 

the  Palmerton  Formation  ol  the  mapped  area,  d'lic  patterned  areas  in- 
dicate relative  amounts  ol  sandstone  tvhich  might  be  (piarried  in  each 
structural  situation.  Part  .V  shows  a steeply  dipping  linear  ridge,  the 
least  desirable  quarry  site  because  the  thickness  ol  the  unit,  generally 
less  than  100  feet,  requires  a long  narrow  quarry  which  cannot  be  ex- 
cavated to  a great  depth  because  of  the  weak  nature  of  tlie  adjacent  units. 

Part  B shows  the  plunging  synlorm,  a more  desirable  structural  setting 
for  a cpiarry  site.  As  long  as  overburden  is  not  excessive,  a miuh  larger 
amount  of  sandstone  can  be  quarried  in  this  situation.  Particularly 
desirable  is  the  nose  of  a plunging  fold  where  an  extensive  area  of  sand- 
stone is  available. 

Part  C shows  the  plunging  antilorm,  the  most  desirable  cpiarry  site. 
In  such  structural  settings  very  little  or  no  overburden  exists  and  a large 
quantity  of  sandstone  can  be  ejuarried  in  a relatively  small  area. 


Existing  Quarry  Operations 

Existing  cpiarry  operations  in  tlie  Palmerton  Formation  in  the  mapjrecl 
area  occur  at  Little  Gap,  Palmerton,  and  Germans  (Plate  1)  . Also  in- 
cluded in  this  discussion  is  the  operation  at  .\nclreas  just  southwest  of 
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the  mapped  area.  Production  figures  and  other  basic  data  were  supplied 
by  the  tjuarry  operators,  but  the  conclusions  about  the  relevancy  of  the 
local  geology  to  the  quarry  operations  are  those  of  Sevon.  A more  exten- 
sive discussion  of  these  operations  is  given  elsewhere  (Sevon,  1970) . 

North  American  Refractories  Company  at  lattle  Gap  has  been  produc- 
ing about  1()(),000  tons  of  sand  per  year  for  refractory  brick.  The  quarry- 
ing and  processing  operation  includes  blasting,  drop  balling,  crushing  to 
inch  by  block  and  secondary  crusher,  washing,  screening,  and  drying. 
The  finished  sand  is  stockpiled  and  transported  by  railroad  as  needed. 

The  Little  Gap  (juarry  is  situated  at  the  eastern  edge  of  the  zone  of 
Hazard  paint  ore  occurrence  and  is  generally  lacking  in  hematite  al- 
though some  hematite  does  occur  locally.  The  quarry  site  is  ideally 
located  on  a plunging  antiform  having  no  overburden  and  yields  a sand- 
stone which  is  over  98  percent  silica.  Washing  of  the  crushed  rock 
removes  most  of  the  clay  contaminant,  resulting  in  a sand  with  over  99 
percent  silica.  Gementation  varies,  but  the  sandstone  reacts  favorably  to 
disaggregation,  and  because  breakiqt  into  coherent  angular  fragments  is 
]rreferred  for  refractory  purposes,  some  silica  cementation  is  a requisite. 
The  company  has  potential  future  development  to  the  west  of  its  current 
operation. 

The  Alliance  Sand  Company  at  Palmerton  has  been  producing  be- 
tween lOO.OOO  and  300, (K)O  tons  of  sand  per  year  for  blacktop,  raw  con- 
crete, masonry  sand,  pebbles,  and  many  other  uses.  The  sand  production 
involves  blasting,  block  crushing,  secondary  crushing,  roll  crushing,  wash- 
ing, and  screening.  The  sand  is  blended  to  meet  specifications,  stockpiled, 
and  disper.sed  by  truck.  Structurally,  the  Alliance  quarry  site  is  ideally 
located  in  both  plunging  antiform  and  synform  structures.  Some  over- 
burden problems  will  occur  as  the  operation  progresses  toward  the 
Lehigh  River  in  the  synform,  but  the  antiiorm  is  ideally  suited  for 
unimpeded  cpiarrying.  However,  the  Alliance  quarry  has  some  problems 
with  accessory  minerals.  The  quarry  is  in  the  area  of  greatest  develop- 
ment of  the  overlying  Hazard  paint  ore  and  a large  amount  of  hematite 
is  present  in  the  sandstone  as  well  as  abundant  silica  cementation  which 
results  in  a quartzitic  rock.  Both  of  these  factors  tend  to  produce  consider- 
able waste  rock  during  the  quarrying  operation. 

T he  Refractories  Sand  Company  operates  quarries  at  Germans  and 
.\ndreas.  These  quarries  are  southwest  of  the  main  Hazard  paint  ore 
zone  and  do  not  have  hematite  contamination  problems.  The  Germans 
fpiarry  has  been  producing  about  100,000  tons  of  sand  per  year,  whereas 
the  Andreas  cpiarry  has  been  producing  between  100,000  and  150,000 
tons  per  year.  The  sand  from  both  quarries  is  used  mainly  for  blacktop, 
raw  concrete,  cement  block  mix,  and  trap  sand.  Some  of  the  sand  from 
.-\ndreas  is  tisecl  for  refractories,  btit  less  than  10,000  tons  was  sold  for 
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this  purpose  in  1968.  The  operation  involves  Ihasting,  drop  ixilling, 
crushing,  roller  crushing,  and  screening  at  both  sites  and  flotation  at  the 
Germans  site.  All  of  the  sand  is  blended  to  specifications,  stock|)ilcd, 
and  dispersed  by  truck. 

The  Refractories  .Sand  Company  has  three  active  cpiarry  sites  and  one 
inactive  site.  These  sites  occupy  various  structural  settings:  linear  ridge, 
plunging  synlorm,  and  plunging  antiform.  The  tpiality  of  sandstone  is 
excellent  in  all  of  the  sites  and  extraction  of  the  sandstone  is  hindered 
only  by  the  overburden  in  some  places.  The  sandstone  in  this  area  tends 
to  be  somewhat  finer  grained  than  that  in  the  Pahnerton  Formation 
farther  to  the  northeast  and  this,  in  combination  with  a general  ease  in 
sandstone  breakup,  tends  to  create  a .sand  slightly  deficient  in  coarse 
grade  sizes. 


Potential  Areas  of  Palmerton  Development 

In  general,  existing  cjuarry  operations  already  occupy  the  most  favor- 
able structural  settings  for  exploitation  of  the  Pahnerton  Formation  in 
the  mapped  area.  The  outcrop  belt  of  the  Palmerton  exposes  the  sand- 
stone almost  continuously  across  the  ma|rped  area,  but  the  narrow  linear 
ridge  which  is  most  common  is  the  least  desirable  site  for  a cjuarry 
operation.  Considerable  potential  for  development  occurs  west  of  Buck- 
wha  Creek  in  the  small  plunging  folds  developed  there,  and  some  potential 
remains  in  two  small  formerly  operated  tpiarries  immediately  north  of 
Palmerton  (Plate  1)  . Any  development  of  sand  production  in  the  zone 
between  Little  Gap  and  Lizard  Creek  to  the  southwest  may  anticipate 
hematite  as  a contaminant,  whereas  development  to  the  southwest  of 
Lizard  Creek  or  to  the  northeast  of  Little  Gap  may  provide  sand  of 
sufficient  tjuality  for  gfass  production. 

Other  Potential  Sources  of  Sand 

The  Ridgeley  Formation  has  virtually  the  same  composition  and  same 
outcrop  distribution  as  the  Pahnerton  Formation,  but  is  somewhat  coarser 
and  much  thinner  than  the  Palmerton  Formation.  The  Ridgeley  is  also 
much  less  resistant  to  erosion  than  the  Pahnerton  and  seldom  forms  the 
crest  of  Stony  Ridge.  Consecpiently,  it  seldom  occupies  a favorable  posi- 
tion for  cjuarry  operation  and  may  not  be  thick  enough  to  warrant  expen- 
sive cpiarry  development.  The  unit  remains  a potential  .source  of  high 
silica  sand  for  some  future  time  wheti  demand  and  costs  warrant  decelop- 
ment  of  the  unit. 

There  are  no  other  currently  exploited  sources  of  sand  in  the  mapped 
area.  Surficial  dejjosits  are  a potential  source  of  sand  and  gravel,  and  are 
discussed  below. 
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SAND  AND  GRAVEL  IN  SURFICIAL  DEPOSITS 

As  clescril)ed  in  the  section  on  surficial  geology,  there  are  a variety  of 
deposits  that  may  be  a source  for  sorted  sand  and  gravel,  although  only 
a few  might  have  potential  value.  None  have  been  exploited  to  any  great 
degree.  Grain-size  distribution  for  selected  samples  is  shown  in  Figure 
132,  the  percentages  of  clay,  silt,  sand,  and  gravel  are  given  in  Table  9, 
and  statistical  parameters  are  given  in  Table  11. 

Alluvium  along  the  Lehigh  River  and  Aquashicola  Creek  (samples 
1-3,  Table  9)  contains  large  quantities  of  sand.  Thickness  of  the  alluvium 
abo\e  water  level  is  generally  less  than  10  feet,  and,  as  shown  on  the 
geologic  map  (Plate  2),  areas  where  the  alluvium  is  exposed  and  where 
it  may  be  conveniently  extracted  are  generally  small.  Therefore,  very 
large  sand  resources  are  not  available.  The  problem  of  proximity  to 
water  level  must  Ite  considered  il  the  sand  is  to  be  removed. 

Large  quantities  of  sand  and  gravel  are  availaltle  in  Wisconsinan  out- 
wash  in  the  valley  of  .\(]uashicola  Creek.  The  thickness  of  this  deposit 
is  more  than  20  feet  in  most  parts  of  the  valley  and  may  be  more  than 
.50  feet  in  many  parts  (see  page  217).  The  percentages  of  sand,  gravel, 
silt,  and  clay  in  two  samples  of  Wisconsinan  oittwash  are  given  in 
Fable  9.  In  general,  the  pebbles  in  the  outwash  are  fresh  sandstone  and 
limestone,  but  some  shale  and  siltstone  pebbles  and  weathered  pebbles 
may  make  the  gravel  unsuited  for  some  uses  as  an  aggregate. 

Outwash  of  lllinoian(?)  age  is  located  in  many  places  along  the  major 
valleys.  The  outwash  contains  ajqtreciable  quantities  of  sand  and  gravel 
(samples  6-8)  and  may  Ite  more  than  20  feet  thick  in  many  places.  How- 
ever, its  use  as  a source  for  sorted  materials  may  be  limited  because  of 
its  deep  weathering;  coltbles  may  have  weathering  rinds  at  least  three 
inches  thick  and  some  pebbles  are  conqtletely  rotted.  Moreover,  some 
deposits  may  have  large  boulders  (see  Figure  117),  making  extraction 
dilhcult. 


PAINT  ORE 

The  Hazard  paint  ore  mendrer  of  the  Buttermilk  Falls  Limestone  was 
formerly  a major  economic  resource  in  the  mapped  area.  Mining  of  the 
paint  ore  started  in  1856  and  continued  until  1947  with  a total  output 
estimated  at  well  over  200,000  tons.  The  geology  and  mining  of  the 
Hazard  paint  ore  have  been  di.scus.sed  by  Hill  (1887),  Hesse  (1891), 
Eckel  (1907a  R:  It),  Burchard  (1909),  .\gthe  and  Dynan  (1910),  Miller 
(1911),  Kindle  (1912),  and  Miller  (1933)  . Wdllard  and  Whitcomb  (1938) 
discussed  fauna  from  tliis  member. 

I'he  Hazard  paint  ore  extends  from  Little  Gap  (east)  to  Balliet  (west) 
and  is  best  developed  (as  proved  by  mining)  between  Hazard  and  Little 
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Gap.  1 he  unit  is  exposed  only  along  the  Northeastern  Extension  ot  the 
Pennsylvania  Turnpike.  Fresh  paint  ore  is  hard,  blocky,  light  metallic 
blue,  fine  grained,  arenaceous  and  sometimes  distinctly  laminated.  I he 
rock  oxidizes  rapidly  and  becomes  red  when  exposed  to  air.  .Small  par- 
ticles of  pyrite  are  scattered  throughout  the  material.  Ehe  rock  has  a 
specific  gravity  of  3.2  to  -1.0  and  is  an  iron  carbonate  in  the  unweathered 
state.  Table  23  presents  four  chemical  analyses  ol  finished  paint  ore  and 
one  analysis  of  raw  paint  ore. 

Mining  methods  used  in  extracting  the  ore  are  outlined  by  Miller 
(1933,  p.  157-158)  and  consisted  mainly  of  stoping  of  the  jraint  ore  along 
bedding  strike.  Large  quantities  of  water  were  eticountered  in  many  of 
the  mines  and  free  running  sand  in  some  of  the  mines.  Water  was  one  of 
the  factors  which  contributed  to  the  eventual  abandonment  of  the  mining 
operation. 

Preparation  of  the  paint  ore  is  detailed  by  Miller  (1911,  p.  57;  1933, 
p.  158)  and  involved  only  two  processes:  calcination  and  grinding.  In  the 
calcination  process  raw  ore  (reduced  to  6-inch-diameter  fragments)  was 
heated  to  a cherry-red  color  for  about  24  hours  to  eliminate  moisture 
and  sulfur  from  the  pyrite,  and  to  convert  the  iron  carbonate  to  iron 
oxide.  Loss  in  the  process  was  20  to  25  |>ercent.  The  calcinated  ore  was 
then  ground  so  that  98-99  percent  passed  through  a 325-mesh  screen. 

The  finished  product  had  some  properties  of  a Portland  cement,  which 
contributed  to  its  great  durability.  Its  main  market  as  paint  for  tin  roofs 
and  railroad  cars  has  declined  in  recent  years,  but  there  is  still  a market 
as  paint  for  structural  steel,  bridges,  ships,  and  other  industrial  equip- 


Table  23.  Chemical  Analyses  of  Raw  and  Finished  Hazard  Paint  Ore 


Analyses  1,  2,  and  3 are  of  finished  paint  ore  (Eckel,  1907b);  analysis  4 is  of  finished  paint 
ore  (Hill,  1887);  and  analysis  5 is  of  raw  paint  ore  (Hill,  1887). 


1 

2 

3 

4 

5 

Si02 

37.20% 

37.20% 

35.30% 

37.79% 

16.21% 

AI2O3 

9.60 

9.40 

10.70 

10.61 

5.49 

FejOa 

43.30 

42.70 

43 . 30 

41.28 

MnO 

.35 

1 .40 

1.83 

1.27 

CaO 

. 10 

1.70 

2.00 

3.00 

3.51 

MgO 

3.35 

1.70 

1.91 

2.03 

1 .08 

SO3 

2.38 

1.88 

1.95 

1.94 

P2O5 

.17 

. 14 

.15 

. 14 

CO-2  and 

organic 

2.40 

2.60 

1.50 

2.68 

24.35 

H2O 

.60 

.60 

.90 

Metallic  iron 

30.30 

29.90 

30.30 

28.90 

34.60 

S 

.95 

.75 

.78 

.77 

.67 
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ment.  The  finished  product  also  has  limited  use  as  a filler  in  oilcloth 
and  linoleum. 

There  is  no  inlormation  as  to  the  amount  of  ore  depletion  during 
active  mining,  but  it  is  doubtful  if  the  full  potential  of  this  cfeposit  has 
been  realized.  The  structure  of  Stony  Ridge  in  the  Bowmanstown-Hazard 
area  (Figure  157)  is  such  that  a large  cpiantity  of  iron  carbonate  should 
occur  relatively  near  the  surface.  If  a demand  for  the  ore  arises  in  the 
future,  modern  mining  techniques  might  allow  further  exploitation. 
Extensive  cjuarrying  of  the  structurally  overlying  Pahnerton  Formation 
in  this  same  area  might  result  in  exposure  of  the  Hazard  paint  ore  for 
easy  extraction. 


SLATE 

Slate  in  the  Lehighton  and  Pahnerton  quadrangles  is  found  in  the 
Martinsburg  Formation  of  Ordovician  age,  and  to  a lesser  extent  in  the 
Mahantango  and  Marcellus  Formations  of  Devonian  age.  Slate  is  a fine- 
grained rock  that  can  be  split  into  thin,  smooth  slabs  and  has  a variety 
of  uses. 


Slate  in  the  Martinsburg  Formation 

The  first  slate  quarry  in  Pennsylvania  was  operated  in  1812  near 
Bangor  (Merriman,  1898)  , and  since  then  more  than  400  quarries  have 
been  opened  up  in  the  slate  Irelt  in  the  Martinsburg  Formation  of  North- 
ampton and  Lehigh  Counties  in  eastern  Pennsylvania.  At  present,  less 
than  a dozen  of  these  quarries  are  active,  but,  even  so,  Pennsylvania  still 
leads  in  the  production  of  slate  in  the  United  States.  According  to  the 
U.S.  Bureau  of  Mines,  44,250  short  tons  of  slate  (dimension  stone)  hav- 
ing a value  of  $3,705,329  was  produced  in  Northampton  County,  and 
1,547  short  tons  was  produced  in  Lehigh  County  in  1970. 

In  the  Lehighton  and  Pahnerton  quadrangles  there  are  151  quarries. 
All  are  presently  abandoned;  the  only  active  quarry  in  Lehigh  County, 
the  quarry  of  the  Penn  Big  Bed  Slate  Company,  is  300  feet  south  of  the 
Lehighton  quadrangle,  about  1 mile  west  of  Rextown.  A description  of 
that  quarry  is  given  in  Figure  2.  The  quarries  in  the  mapped  area  are 
shown  on  Plate  4 and  listed  in  Table  24.  Sanders  (1883) , Dale  and  others 
(1914)  , and  Behre  (1933)  have  described  some  of  them  earlier  in  their 
history. 

-A  description  of  the  Alartinsburg  Formation  is  given  in  the  section  on 
stratigraphy  and  the  planar  structures  in  the  formation,  such  as  bedding, 
cleavage,  and  joints,  are  described  in  the  section  on  structural  geology. 


Table  24.  Slate  Quarries  and  Dumps  in  the  Martinsburg  Formation  in  the  Lehighton  and 

Palmerton  Quadrangles 

The  quarries  and  dumps  are  shown  on  Plate  4.  The  areal  dimensions  are  taken  from  areal  ijhotoRraphs.  Depths  were  estimated  at  the  tiuarry  site  or  are  taken  Irom  Behre 
(1933)  or  Sanders  (1883);  the  depths  in  Hooded  quarries  have  not  been  held  cheeked.  The  heights  of  the  dumps  are  estimated  from  the  topograiihic  maps.  Structural  data 
were  mostly  recorded  in  the  Held;  some  are  from  Behre  (1933). 
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132  Small  15  l‘rospcct.  N52E,  62SE,  N77E.  30SE  N48\V.  S7S\V 
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Economics  of  Slate  Related  to  Geologic  Setting  , 

Planar  structures  iu  the  slate  are  very  important  in  cpiarry  operations 
and  may  determine  whether  a quarry  is  profitable.  Certain  beds,  or  rujis, 
contain  high-quality  slate  and  are  followed  down-dip  as  the  slate  is 
removed.  If  the  angle  of  dip  is  low,  the  quarry  will  expand  over  a large 
area  during  slate  removal:  if  the  dip  is  steep,  the  quarry  will  be  narrow 
and  deej3.  In  some  quarries,  the  beds  are  so  tightly  folded  that  individual 
runs  may  be  repeated  several  times  at  depth  (see  Figure  137). 

Cleavage  is  very  important  because  it  is  this  feattire  that  makes  a rock 
a slate,  llie  cleavage  must  be  contintious  through  a rock,  and  it  must 
not  be  ctirved  or  irregular  (curled)  . If  the  angle  between  cleavage  and 
a desirable  bed  of  a given  thickness  is  high,  the  length  of  the  piece  of 
slate  is  short.  If  that  angle  is  low,  the  length  of  the  piece  of  slate  is,  con- 
versely, long  (see  Epstein,  1974).  The  dip  of  cleavage  is  also  important 
because  it  generally  forms  the  floor  of  the  quarry  and  may  be  inconveni- 
ently steep.  In  the  Lehighton  and  Palmerton  quadrangles  the  cleavage  is 
moderate  to  steep,  averaging  about  50°  (Figure  154).  The  angles  of  dip 
of  cleavage  and  betiding  are  shown  on  Plate  1 and  given  in  Table  24. 

Joints  are  natural  breaks  in  the  rock  and  may  facilitate  quarrying  if 
they  cause  the  slate  to  break  into  blocks  that  may  be  conveniently 
handled.  On  the  other  hand,  if  the  joints  are  too  close  together  or  are  at 
low  angles  to  each  other,  large  blocks  of  slate  cannot  be  obtained  and 
the  rock  is  worthless.  Joints,  as  well  as  faults  and  sometimes  bedding  and 
cleavage,  are  also  natural  channelways  for  the  movement  of  ground 
water;  consequently,  in  some  cjuarries  excess  seepage  may  be  a problem. 
•Structural  data  on  the  joints  that  were  measured  at  each  quarry  are 
listed  in  Table  24. 

Waste  from  Slate  Quarries 

Waste  amounts  to  50-85  percent  of  the  rock  taken  from  a quarry.  It 
accumulates  as  enormous  unsightly  piles  or  dumps.  The  dumps,  which 
have  had  little  commercial  use,  cover  land  that  is  potentially  usable  for 
development  and  agriculture.  Slate  dump  areas  are  shown  on  Plate  4, 
and  their  heights  are  given  in  Table  24.  These  may  be  tised  to  calculate 
the  approximate  volume  of  material  in  the  dumps. 

Uses  for  Slate 

Slate  taken  from  the  qtiarries  has  had  a variety  of  uses,  including 
roofing,  blackboards,  aquarium  bottoms,  billiard  table  tops,  electrical 
jjanels,  switchboards,  flagging,  floor  tiles,  mantles,  sills  and  treads,  grave 
vaults,  tubs,  vats,  sinks,  laboratory  table  tops,  well  covers,  and  bread 
boards.  When  crushed  to  flour,  slate  is  used  for  filler  in  paint,  linoleum. 
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and  many  oilier  |n()ducts,  and  wlien  crushed  lor  granules,  in  the  manu- 
facture of  composition  roofing. 

Potential  uses  lor  waste  slate  in  the  slate  dum|)S  are  gi\en  hy  Dale  and 
others  (IhPf,  p.  lhL^-l!)3)  anti  Behre  (1033,  p.  lha-ior)).  An  iinesiigation 
of  the  properties  of  slate  in  ortler  to  tletermine  new  uses  lor  the  large 
amounts  ol  waste  was  uiulerlaken  in  1032  by  the  Mineral  Industries 
Experiment  Station  ol  the  Pennsylvania  Slate  (College  (Pennsylvania 
State  College,  1017;  Stickler  and  others,  1051).  The  uses,  which  woukl 
make  the  waste  slate  a \aluable  resource  and  eliminate  the  environ- 
mentally annoying  piles,  include  lightweight  aggregate  (see  O'Neill  and 
others,  1055,  p.  12-15,  Table  0),  mineral  wool  for  insulation,  slate-lime 
brick,  resin-bonded  molded  produtts,  roofing  granules,  acoustical  tile,  road 
asphalt,  abrasice  soap,  fence  jjosts,  and  filler  in  a large  variety  ol  procliu  ts 
including  synthetic  slate,  roofing  mastic,  plastic  which  re(|uires  acid 
resistance,  oilcloth,  linoleum,  rubber,  jiaints,  and  ceramic  ware. 

The  abandoned  tpiarries  are  large  holes  cvhich  have  been  put  to  vari- 
ous uses  in  eastern  Pennsylvania,  im  lulling  a reservoir  lor  jiublic  water 
supply,  sites  for  garbage  dumps  (nos.  7,  21,  30,  45,  46,  00,  01,  02,  03,  105, 
and  120,  Plate  4)  , and  sites  for  oil  storage.  Flooded  tpiarries  are  fed  by 
ground  water  anti  many  sup|rort  a large  fish  pojmlation.  There  is  a 
possible  pollution  ha/artl  from  the  garbage  duinjis  (see  Sthneider,  1070)  . 
The  quarry  water  is  connectetl  to  the  grountl-water  system  anti  potential 
pollution  t)f  nearby  water  wells  shoultl  be  investigated.  If  there  is  little 
possibility  for  pollution  near  a tpiarry  and  if  it  lies  above  the  water 
table,  it  may  be  a gootl  site  for  a sanitary  laiitlfill.  If  there  is  a jiollution 
jrotential,  it  is  possible  that  the  ipiarries  could  Ire  grouted  to  close  off 
the  connection  to  the  ground-water  system. 

Hazards  in  Slate  (hiarries 

In  addition  to  the  ]rolliition  possibilities  mentioned  above,  many 
flooded  quarries  are  a safety  ha/ard— drownings  of  swimmers  and  scuba 
divers  have  been  rejrorted. 

Many  faults  in  the  cjuarries  are  filled  with  calcite  and  cpiart/  “spar" 
and  are  zones  of  movement  of  ground  water.  The  rock  along  the  laiilts 
may,  therefore,  be  rotted.  This  creates  a serious  problem  in  tpiarry  ojrera- 
tion.  In  many  cases,  removal  of  slate  will  sto|)  at  a fault.  The  lault  is  also 
dangerous,  especially  if  it  contains  abundant  water,  because  it  is  a |rlane 
above  which  the  rock  may  slide  into  the  tpiarry,  sometimes  without  warn- 
ing, and  injure  or  kill  workers  below.  Death  and  injury  of  workers  due  to 
falling  rock  in  actively  worked  tjuarries  in  the  slate  belt  of  eastern  Penn- 
sylvania are  all  loo  common.  Between  1960  and  1970,  an  average  of  514 
men  worketl  in  the  slate  quarries  of  eastern  Pennsylvania  each  year. 
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Between  10  and  14  quarries  were  active  each  year.  There  were  seven 
fatalities  dtiring  this  period  and  368  nonfatal  injuries  (U.S.  Bureati  of 
M ines,  unpub.  data)  . 

Prospecting  jor  Slate 

The  best  areas  tor  prospecting  for  slate  follow'  tlie  belt  ol  proven  slate 
resotirces  showai  in  Plate  4.  The  depth  of  overburden  (i.e.,  glacial  de- 
posits, colluvium,  and  weathered  rock)  should  not  be  great.  The  irrespec- 
tive site  should  not  have  abtmdant  deleterious  sandstone  mixed  in  with 
the  slate;  for  this  reason,  the  Ramseyburg  Member  of  the  Martinsburg 
Formation  is  not  a good  tmit  for  prospecting.  Using  these  criteria,  the 
most  likely  areas  tor  looking  for  slate  resources  are  outlined  in  Plate  4. 
Procedures  for  prospecting,  as  well  as  descriptions  of  cpiarry  and  mill 
practice,  are  given  by  Sanders  (1883,  p.  138-143)  , Dale  and  others  (1914, 
p.  167-171),  Behre  (1933,  p.  11-21,  68-73,  81-102),  Stickler  and  others 
(1951,  ]r.  1 1-32)  , and  Bow'les  (1955,  p.  8-10)  . Exploration  of  a site  should 
preferably  begin  by  core  drilling  to  determine  the  cjuality  and  thickness 
of  slate  aiul  depth  of  overburden  (glacial  dejtosits,  if  present,  and 
weathered  slate  or  "top'  ) . The  overirtirden  should  be  thin,  generally  less 
than  20  feet,  in  order  to  avoid  costly  stripping  operations  and  extensive 
cribbing.  Structtnal  feattires  have  to  be  tletermined,  suclt  as  the  character 
of  the  jointing  and  presence  of  fatdts  or  ctirved  cleavage.  The  locations 
for  future  waste  piles  have  to  be  determined  to  avoid  placing  them  over 
rock  that  remains  to  be  worked.  Drainage  has  to  be  considered;  exces- 
sive w'ater  results  in  costly  pumping,  l)ut  moderate  amounts  of  w'ater  are 
needed  to  keep  the  slate  from  becoming  lirittle.  Finally,  the  slate  has 
to  be  tested  for  such  tilings  as  sonorousness,  cleavability,  cross  fracture 
(‘‘setdp’’  or  “grain  ")  , color  and  discoloration,  presence  of  undesirable 
minerals,  character  of  cleavage  surface,  electrical  resistance,  strength, 
totighness,  elasticity,  density,  porosity,  hardness  or  abrasion,  corrodibility, 
microscopic  analysis,  and  chemical  analysis  (Merriman,  1898,  p.  85-89; 
Dale  and  others,  1914,  p.  171-189;  Behre,  1933,  p.  73-81). 

Slate  ill  the  Mahantango  and  Marcelltis  Formations 

Prior  to  1915  some  slate  was  prodticed  from  the  Mahantango  and  Mar- 
cellus  Formations  in  the  mapped  area.  Four  quarries  were  opened  into  the 
shale  at  Atpiashicola  and  are  reported  by  Bebre  (1933,  p.  1 19-126)  and  Dale 
and  others  (1914,  p.  108-109).  The  qtiarried  prodtict  is  described  as  a mica 
slate  of  the  fading  series  (containing  sufficient  FeCO.-^  to  discolor  con- 
siderably on  prolonged  w'eathering)  . No  information  is  available  on  the 
amount  or  the  quality  of  the  slate  produced  from  these  quarries.  The 
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waste  material  piled  near  the  cjuarries  disintegrates  reatlily,  suggesting 
that  this  rock  weathers  laiily  rapidly  aiul  is  not  a higlMpialiiy  slate. 

I'he  only  statistics  available  on  the  tjuarrying  operations  ol  this  slate 
(U.S.  Geological  Survey,  1911,  p.  565-567)  indicate  that  roofing  slate  was 
quarried  between  1909  and  1912.  1 he  reported  figures  lor  1909  and  1910 
were  coinirined  with  output  ol  tjuarries  in  5'ork  County  (3  in  1909  and  4 in 
1910)  and  indicate  a total  ol  12,843  roofing  stpiares  (a  square  contains 
a sufificient  number  of  pieces  of  any  size  to  cover  100  scjuare  leet  with 
allowance  for  a 3-inch  overlap)  in  1909  and  14,291  roofing  scpiares  in 
1910.  4 he  price  ol  the  Carbon  County  roofing  stjuare  was  halt  that  of 
the  York  County  product,  suggesting  that  the  Carbon  Cotmty  product 
was  somewhat  poorer  in  (juality. 

4 wo  abandoned  slate  quarries  are  located  in  the  Marcelhis  Formation 
and  rock  in  their  waste  piles  indicates  slate  of  jjoor  cpiality.  These 
quarries  are  located: 

1.  About  3,300  feet  northwest  of  Harrity  and  200  feet  north  ol  a minor 
road  (state  highway  legislative  route  number  1301 1)  on  the  west  side  of  an 
unnamed  stream  which  enters  Pohopoco  Creek  2,000  feet  southwest  of 
Harrit) . 

2.  Abotit  3,400  feet  north  of  Pohopoco  Creek  on  the  west  side  of 
Sawmill  Run. 

One  other  abandoned  slate  quarry,  in  the  ^^ahantango  Formation,  is 
located  about  700  feet  north  of  Pa.  Route  895  on  the  west  side  of  an 
unnamed  stream  which  enters  Lizard  Creek  about  800  feet  southeast  of 
the  center  of  .\shfield. 


BUILDING  STONE 

Quartzite  in  the  Shawangunk  Formation  weathers  to  shades  ol  gray, 
pink,  red,  and  tan  and  makes  a durable  and  attractice  building  stone. 
Even-bedtletl  slabs  of  the  cpiartzite  from  a lew  inches  to  a foot  thick  may 
be  obtained  along  the  entire  south  slope  ol  Blue  Mountain.  The  blocks 
range  from  less  than  a foot  to  several  feet  long.  Bedding  forms  the 
natural  parting  jtlanes  of  these  slabs  and  joints  further  break  them  into 
rectangtdar  blocks.  The  most  abundant  blocks  may  be  derived  from  float, 
although  some  loose  bedrock  may  be  scraped  iqi  with  jtower  equipment. 
One  small  operation,  using  a bulldozer,  truck,  and  4-ioot  hydraulic  rock 
splitter,  was  in  operation  in  1969  in  the  southwest  corner  of  the  Lehigh- 
ton  quadrangle,  1.2  miles  southeast  of  Cermans. 

Boulders  of  hard  (piartzite  and  sandstone  in  the  glacial  deposits  have 
been  extensively  used  locally  as  heldstone  in  the  construction  of  houses 
and  other  buildings.  I hey  may  be  abuntlani  enough  to  Ite  a free  source 
of  stone  at  the  construction  site. 
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At  tlie  present  time  tliere  are  no  building  stones  being  produced  north 
ol  Bine  Motintain.  Stone  (1932,  p.  8H-90)  reports  briefly  on  the  use  of  some 
locally  derived  stone,  but  his  report  contains  very  little  information. 

In  general,  the  mapped  area  contains  large  quantities  of  rock  suitable 
for  good-quality  small  dimension  building  stone,  but  little  rock  suitaltle 
for  large  dimension  building  stone.  None  ol  tlie  rocks  have  tlie  uniform 
thick  Itedding  usually  desiralrle  for  dimension  stone.  Almost  all  of  the 
sandstones  in  the  area  are  highly  variable  when  traced  along  strike; 
therefore,  they  are  inconsistent  in  dimensional  character.  However,  small 
local  deposits  have  been  utilized  extensively  in  the  past. 

d'he  Pahnerton  Formation  is  the  most  massive  sandstone  of  the  area 
and  dimension  stone  was  apparently  produced  formerly  from  a small  quarry 
on  Stony  Ritlge  immediately  sotitheast  of  Bowmanstown  (3,000  feet  east 
of  7,5°  40'  W;  3,000  feet  north  of  40°17'30"  N)  . The  rock  at  this  quarry 
is  quart/itic  in  character  Itecanse  it  has  extensive  silica  cementation,  is 
massive  with  no  apparent  bedding,  l^roken  Ity  .several  widely  spaced  joint 
sets,  and  is  gray.  The  high  tptality  of  rock  ]nesent  in  this  quarry  is 
atypical  of  the  Pahnerton  as  a whole,  but  typical  for  this  area  of  Stony 
Ridge  wliich  is  unusually  high  in  silica  cementation.  The  amount  and 
use  of  the  rock  tpiarried  here  is  not  known,  btit  the  potential  of  the 
qtiarry  has  not  Iteen  exhausted.  The  Pahnerton  sandstone  was  also 
quarried  immediately  west  of  tlic  Lehigh  River  at  Lizard  Creek  Junction 
and  used  for  foundation  construction. 

Locally  derivetl  dimension  stone  was  tised  exclusively  in  the  construc- 
tion of  the  Leliigh  Canal  Itetween  ISIS  and  1840.  Siltstones,  sandstones 
and  conglomerates  of  the  d'rinnners  Rock,  Catskill  and  Pocono  Forma- 
tions were  (juarried  in  small  quarries  near  the  location  of  tise  or  derived 
from  waste  rock  prodticed  during  excavation  for  a canal  channel  (e.g., 
immediately  north  of  Long  Run)  . The  duraltility  of  these  various  rocks 
is  shown  by  the  soundness  of  .some  of  the  remaining  Lehigh  Canal  locks. 
The  rocks  used  in  these  structures  generally  show  little  or  no  effect  of 
weatliering  after  more  than  125  years  and  do  not  show  any  marked 
tendency  towards  disintegration.  Some  rocks,  particularly  Pocono  con- 
glomerates (seen  mainly  to  the  north  in  the  Christmans  quadrangle) , 
have  cracked  in  res])onse  to  unequal  bearing  pressures.  The  pressures 
resulted  from  load  transfer  as  tlie  original  interstitial  hydraulic  cement 
Aveathered  from  between  stone  blocks. 

In  general,  the  remaining  Lehigh  Canal  locks  attest  to  the  Iiigh  quality 
of  many  of  the  rocks  in  the  mapped  area  as  potential  building  stones. 
Numerous  buildings  in  the  town  of  Jim  Thorpe  have  been  constructed 
of  local  stone  and  also  attest  to  the  tpiality  of  these  rocks. 

Tlie  following  units  might  Ite  used  for  production  of  good-quality 
small  dimension  building  stone: 
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1.  Thick  coarse-grained  siltslone  beds  ol  tlie  upper  liall  ot  the  Triiii- 
niers  Rock  P'orniation. 

2.  Thick  fine-grained  sandstones  ot  the  Towamensing  Menilier  ((iat- 
skill  Formation)  and  the  Mauch  Chunk  Formation. 

3.  Sandstones  and  conglomerates  of  the  Packerton,  Kerry  Run,  Clark's 
Ferry,  and  Dtmcannon  Members  (Catskill  Formation)  and  the  Pocono 
Formation. 

Of  particular  interest  might  lie  some  ot  tlie  red  units  ot  the  Duncannon 
Member  (Catskill  Formation)  and  some  of  the  gray  and  white  conglom- 
erates of  the  Pocono  Formation. 

Utilization  of  any  of  these  rocks  tor  liuilding  stone  should  be  pre- 
ceded by  (1)  market  establishment,  (2)  evaluation  of  potential  stone 
quantity,  (3)  stone  cjuality  assessment,  and  (4)  suitability  ol  cpiarry  site. 


FLAGSTONE 

There  are  no  known  existing  or  former  flagstone  tjuarries  in  the 
mapped  area.  Ffowever,  rock  suitable  for  flagstone  occurs  in  the  upper 
part  of  the  Catskill  Formation. 

The  well-developed  planar-bedded  sandstones  of  the  Clark’s  Ferry 
Member  are  the  best  potential  sources  of  flagstone  observed  in  tlie  area. 
The  character  of  this  unit  is  well  ex]3osed  along  U.S.  Route  209  imme- 
diately south  of  jini  Thorpe.  The  sandstones  of  the  unit  have  unitorm 
grain-size  distriliution,  planar  beds,  good  parting  characteristics,  and 
appear  to  be  constant  through  moderate  thicknesses  and  outcroji  dis- 
tances. 

Idle  Berry  Run,  Sawmill  Run,  and  Packerton  Members  (Catskill  For- 
mation) are  also  potential  flagstone  .sources  and  are  listed  in  order  of 
probable  desirability.  .Some  flagstones  have  been  hand  picked  from  sand- 
stones of  the  lower  Sawmill  Run  Member  (Catskill  Formation)  and  used 
to  build  a dry  wall  along  the  margins  of  the  Big  Chief  Drive-In  parking 
lot  (west  side  of  U.S.  Route  209  north  of  Packerton)  . In  general,  the 
. development  of  planar  betiding,  ease  of  parting,  uniformity  of  grain  size, 
and  lateral  constancy  ot  beds  decreases  from  the  top  of  the  Berry  Run 
Member  to  the  base  of  the  Packerton  Mendjer. 

The  above  described  units  offer  the  greatest  potential  for  flagstone 
development  in  the  mapped  area,  although  good  flagstone  rock  may 
occur  locally  in  almost  any  sandstone  in  tlie  mapped  area.  Potential  users 
of  this  material  should  lie  aware  that  lateral  continuitv  of  any  deposit 
may  be  minimal  and  any  development  of  flagstone  for  other  than  small 
local  use  shoidd  be  preceded  liy  extensive  insestigation  to  prove  the 
quality  and  quantity  of  the  deposit  (Glaeser,  1969)  . 
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The  use  of  slate  from  the  Martinsburg  Formation  for  flagstone  has 
already  been  mentioned. 


CRUSHED  ROCK 

Crushed  rock  is  used  as  railway  ballast,  road  base  course,  rip  rap,  drain- 
age fill  material,  and  coarse  aggregate  for  concrete.  Crushed  rock  has  an 
angtdar  particle  shape  and  its  limiting  size  and  size  grading  can  be 
readily  controlled.  Although  specific  requirements  for  any  crushed  rock 
depend  iqjon  its  tise,  the  general  requirements  for  a satisfactory  aggregate 
have  a basic  application  to  all  crushed  rock.  These  requirements  are: 

1.  Must  be  clean. 

2.  Must  be  correctly  graded  in  size. 

3.  Must  be  uniform  in  grading  and  cjuality. 

‘1.  Must  Ire  durable. 

5.  Must  not  possess  any  mineralogic  or  chemical  characteristics  which 
will  react  with  Portland  cement  after  mixing  and  placing. 

Requirements  1,  2,  and  3 are  met  readily  by  proper  processing 
technitpies.  Recpiirements  4 and  5 depend  upon  evaluation  of  the 
lithologic  and  mineralogic  characteristics  of  the  source  rock  and  failure 
to  properly  assess  these  characteristics  may  result  in  an  undesirable 
aggregate. 

There  is  no  crushed  rock  currently  being  produced  in  the  mapped 
area,  although  two  crushed-rock  quarries  have  been  operating  just  beyond 
the  boundaries  of  the  area:  Fanzio  Brothers,  Nesquehoning  (about  3 
miles  west  of  Jim  Thorpe)  , crushes  Mauch  Chunk  Formation  sandstones 
and  siltstones  for  concrete  aggregate,  road  metal,  and  .screenings,  and 
Huss  Contracting  Company,  Andreas  (about  2 miles  southwest  of  the 
southwestern  corner  of  the  mapped  area)  , crushes  Silurian  limestones 
for  concrete  aggregate,  road  metal,  and  screenings. 

Rocks  of  the  Mauch  Chunk  Formation  occur  mainly  underneath  the 
town  of  |im  Thorpe  and  are  therefore  not  in  a suitable  location  for  quarry 
development  in  the  mapped  area.  Flowever,  Mauch  Chunk  rocks  nearby 
in  the  Christmans  and  Weatherly  cjuadrangles  are  suitably  situated  for 
quarry  development  and  that  interval  of  the  formation  indicated  by 
units  79-125  in  measured  section  19  is  probably  the  most  suitable  for 
development. 

7'he  Bossardville  Limestone  of  Silurian  age  was  once  quarried,  mainly 
for  production  of  lime,  immediately  south  and  downslope  from  the 
processing  plant  of  the  Alliance  Sand  Company,  Palmerton.  This  lime- 
stone occurs  on  the  south  side  of  Stony  Ridge  across  the  entire  mapped 
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area  and  is  a potential  source  ot  crtished  rock.  However,  in  most  jtlaces 
the  limestone  beds  have  steep  dips  and  could  only  be  quarried  in  a deep 
and  narrow  pit.  Overburden  and  deejt  weathering  also  limit  the  jtotential 
development  o£  these  rocks  in  most  places. 

Other  potential  sources,  listed  in  descending  order  ot  estimated  quality, 
are  the  Packerton,  d’owamensing.  Sawmill  Run,  Berry  Run,  and  Clark’s 
Ferry  Members  (Catskill  Formation)  and  the  Spechty  Kopf  Formation. 

The  somewhat  massive  and  thick-bedded  sandstones  ot  the  Packerton 
Member  have  good  potential  tor  crushed  rock  and  some  of  this  rock  has 
been  quarried  about  one-tourth  mile  north  of  the  mapped  area  northeast 
of  Walcksville  tor  use  in  construction  ot  the  Beltzville  Dam.  The  sand- 
stone is  not  known  to  contain  any  deleterious  materials.  Although  the 
Packerton  Member  forms  tbe  crest  ot  the  hist  ridge  north  ot  Long  Run  and 
Beaverdam  Run,  it  does  not  crop  out  extensively  along  the  ridge.  How- 
ever, the  overburden  along  the  front  (.south)  ot  this  ridge  is  probably 
thin  in  most  places  and  quarries  could  be  opened  into  the  ridge  at  almost 
any  place  with  anticipation  of  encountering  a good  source  of  crushed 
rock. 

The  sandstones  of  the  Sawmill  Run,  Berry  Run,  and  Clark’s  Ferry 
Members  (Catskill  Formation)  are  also  potential  sources  of  crushed  rock. 
However,  these  rocks  are  probably  less  desirable  for  development  pur- 
poses than  the  previously  discussed  units.  All  three  of  these  members 
have  a moderate  content  of  micaceous  material  and  moderate  to  well- 
developed  parting  characteristics.  Well-developed  bedding  and  related 
parting  is  not  particularly  desirable  because  of  the  tendency  for  such 
rock  to  produce  flat  particles.  This  effect  can  be  controlled  to  some 
extent  by  suitable  crushing  procedures,  but  may  result  in  increased  pro- 
duction cost.  Within  the  mapped  area,  none  of  these  rocks  occurs  in  a 
situation  ideally  suited  for  quarry  development  except  for  the  Berry  Rtin 
Member,  which  crests  a fairly  steep  slope  on  the  south  side  of  Bear 
Mountain.  The  sandstones  ot  the  Sawmill  Run  Member  are  interbedded 
with  red  siltstones  and  selectivity  in  quarrying  would  be  necessary.  The 
Sawmill  Run  is  a relatively  weak  rock  unit  and  consequently  occupies 
the  poorest  topographic  position  (topographic  lows)  for  cjuarrying 
operations. 

l ire  lower  part  of  the  Spechty  Kopf  Formation  contains  a hard  white 
quartzitic  sandstone  (measured  section  18,  unit  48)  which  should  make 
an  excellent  high-silica  crushed  rock.  Thin  sections  indicate  that  the  rock 
is  probably  98  percent  or  more  silica  and  extremely  well  cemented.  At 
Jim  Thorpe  the  unit  is  33  feet  thick,  but  in  outcrops  along  the  I.ehigh 
River  to  the  north  of  Jim  Thorpe  the  sandstone  exceeds  50  feet  in 
thickness.  The  unit  possesses  a well-developed  parting  tendency  which 
might  adversely  affect  its  crushed  shape,  and  nowhere  in  the  mapped 
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area  is  there  a desirable  quarry  site  in  this  unit.  However,  the  unit  does 
occur  extensively  to  tlie  north,  in  the  Christmans  quadrangle,  where 
some  good  quarry  sites  exist. 


LIGHTWEIGHT  AGGREGATE 

Xo  lightweiglit  aggregate  is  now  being  produced  in  the  mapped  area 
ami  none  is  known  to  have  been  produced  in  the  past.  Bloating  tests  of 
a typical  sample  of  Mahantango  sliale  from  near  Harrity  (O’Neill  and 
others,  196.5,  p.  I()9dl0)  indicate  that  the  shale  is  potentially  a good 
lightweight  aggregate,  and  cpiantities  of  the  shale  are  abundant  through- 
out much  of  the  area.  Similar  tests  of  a Marcellus  shale  sample  from 
W^est  Bowmans  (o]).  cit.,  p.  111112)  indicate  that  the  Marcellus  has  very 
little  jrotential  as  a source  of  liglitweight  aggregate.  Tests  of  the  Martins- 
burg  shale  at  several  localities  in  nearby  areas  (op.  cit.,  p.  252-255;  272- 
2HI)  indicate  that  the  Martinsburg  is  a potential  source  for  lightweight 
aggregate.  Abundant  supplies  ot  this  material  exist  in  waste  dumps  of 
slate  quarries  as  well  as  in  unc|uarried  rock.  Clinker  residues  at  Palmer- 
ton,  described  below,  have  been  used  as  aggregate  for  cinder  blocks. 

Lightweight  aggregate  appears  to  have  an  expanding  future  in  the 
construction  field,  partictdarly  with  the  increasing  demand  for  skid- 
resistant  surfaces  and  lightw'eight  concrete  block.  Other  uses  for  this 
material  are  constantly  being  developed  and  demand  may  soon  warrant 
exploitation  of  a\ailable  shale  and  slate  materials  in  the  mapped  area 
to  produce  lightweight  aggregate.  Expanded  clay  and  shale  accounted 
for  two  thirds  of  the  total  (United  States)  tonnage  of  lightweight  aggre- 
gate in  1967  and  expanded  slate  only  5 percent  of  the  total  tonnage 
(Rock  Products,  I96K,  p.  65-66). 

CLINKER  RESIDUE 

(Jlinker  residue  from  smelting  operations  by  the  New  Jersey  Zinc 
Company  forms  two  consj)icuous  dumps  in  and  near  Palmerton  (see 
Plate  2 and  Figure  131)  . S.  S.  Huyetn,  Vice  President  and  General  Man- 
ager of  Manufacturing,  has  described  the  clinker  residue  piles  and  opera- 
tions at  Palmerton  (written  commun.,  Nov.  1971)  : 

At  Palmerton  the  Company  operates  zinc  oxide  furnaces,  vertical  retort  metal 
furnaces,  and  electric  furnaces  foi  the  |)roduction  of  .Spiegeleisen,  A portion  of  the 
spent  bri(|uets  from  the  oxide  furnaces  is  used  ciurentlv  at  the  metal  ftirnaces, 
(.rauidated  slag  from  the  electric  furnaces  has  been  sold  for  aggregate  uses  but 
currentK  is  being  returnetl  to  the  originating  mine  for  hack-fill  use.  .Spent  briquets 
from  the  metal  furnaces  are  stored  temporarily  on  Company  land  east  of  the  East 
I’lant.  This  storage  compiises  a fairly  laige  area  and  is  known  locally  as  the 
"cinder  hank". 
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riiesc  lesiducs  all  ha\c  iiu-tallui gii al  \aha's  ami  thc\  an'  u-woikcd  wlun  the 
veclaimahlc  \ahies  jiislif\  this  iitili/atimi.  Residues  which  ha\e  no  loiesecahle 
1 eclaination  \aliie  are  utili/ed.  iindci  loiuiact,  in  the  iiiantilatttue  ot  aggtigates  lot 
\aiiotis  tises  (''cinder  blocks  and  wintei  non-skid"  inc  hided). 

I'he  i|uanlitv  of  material  leclainied  lor  metallurgical  \alties  \aiies  wideh  tiom 
time  to  time,  de])endiiig  upon  technical  developments  or  economic  maikel  changes. 
Reclamation  foi  the  [uodnetion  of  aggieg.ites  is  i e.isonahlv  steadv  and,  ovei  the 
jrast  few  veais,  has  ic'|)resented  ahont  of  the  cinient  late  of  addition  to 

storage.  .V  similai  aiea  exists  at  the  east  end  ol  the  \\'est  f’l.nit,  liom  which  maiciials 
are  being  reclaimed  hut  on  which  no  new  materials  have  been  deposited  lot  a 
ntnnher  of  years. 

I’lodnction  tales  ol  these  s]Jent  hiicpiets  ate  ahont  Ill.OOh  tons  per  veai  at  the  /inc 
oxide  operation  and  I'dh.llDO  tons  per  rear  at  the  /inc  metal  operation.  Recent 
estimates  of  the  piesent  stocks  of  these  mateiials  are  11 .00(1, (It It)  tons  of  oxide  fninace 
residues  and  4,000,000  tons  of  metal  fninace  lesidues.  Within  the  limits  ot  out 
previous  contiactnal  commitments,  these  mateiials  ate  available  tor  anv  highei  use 
that  newly  developed  metallurgical  technology  mav  indicate. 

Tlie  Aggregate  Sales  (ionipany  in  P.iltneilon  is  presently  using  the 
cinders  tor  toad  metal  ("winter  tniti-skid")  and  cinder  blocks.  Some  oi 
the  clinker  residue  is  tnsed  into  large  pieces  and  is  not  suitable  lor  these 
products.  The  cinders  are  selectively  lemoved  and  cinders  less  than  about 
one  inch  are  screened  out.  In  1971  alront  7.7, OOl)  tons  oi  matei  ial  Wtis  used 
and  in  some  years  ahont  200, 000  tons  has  been  removed. 

FILL  MATERIAL 

rhe  .Mahantango  Formation  h;is  been  cjiiaiiied  in  a number  ot  phices 
as  a source  oi  rcrad  metal  and  fill  material.  None  ot  these  cjiiarries  is  a 
continuous  operation  and  the  c|uantity  ol  material  produced  is  not  huge. 
Rather,  this  material  is  c|uarriecl  mainly  tor  occasional  local  use.  The 
Mahantango  shtile  is  suitable  lot  (ill  material  beettuse: 

1.  d'he  joints,  cleavage,  and  bedding  result  in  ready  hretiknp  and  e;isv 
ejuarrying. 

2.  It  has  moderate  resistance  to  rapid  disintegration. 

3.  Moderate  disintegration  jrroduces  some  clay  which  results  in  good 
packing  cjualities. 

■Some  fill  material  is  cpiarried  trom  the  netir-surlace  weathered  part  ol 
the  Mahantango  Ferrmation  hut  moie  is  cpiarried  lioin  deposits  ot  shale- 
chijj  gravel  derived  horn  the  Mahantango  Formation  (see  section  on 
surficial  deposits)  . .Several  borrow  pits  have  been  opened  in  this  material 
in  the  Pohopoco  and  Buckwha  (ireek  valleys  between  the  Lehigh  River 
and  the  Whsconsinan  terminal  moraine  ahont  16  miles  to  the  east.  I he 
gravel  is  desirable  primarilv  beettuse  it  is  unilorm  in  si/e  and  is  easilv 
eptarried  (trout  end  loader).  Its  characteristics  arc  the  same  tis  those  ol 
the  Mahantango  Formation. 
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Fill  material  has  also  been  derived  from  the  Illinoian(?)  glacial  till  in 
the  Pohopoco  Creek  valley  for  use  in  the  earth  core  of  the  Beltzville  Dam. 
The  heterogeneous  nature  of  this  material  and  its  relatively  high  clay 
content  make  it  very  useftd  for  impervious  fill  material.  Numerous  de- 
posits of  this  till  occur  in  the  mapped  area  and  to  the  east  and  north  of 
the  mapped  area,  but  many  of  these  deposits  may  be  thin  and  of  in- 
sufficient quantity  to  furnish  large  supplies  of  the  material.  Another 
rlisadvantage  is  the  presence  of  large  boulders  which  must  be  removed. 

Weathered  slates  from  the  Martinsburg  Formation  and  siltstones  from 
the  Bloomsburg  Formation  have  been  used  locally  for  road  fill.  One 
large  borrow  pit  in  the  Martinsburg  is  located  along  the  east  side  of  Pa. 
Route  145  about  one  mile  north  of  Walnutport. 

CLAY 

There  are  no  clay  deposits  currently  being  e.xploited  in  the  mapped 
area.  However,  potential  clay  deposits  may  exist  at  Little  Gap,  southeast 
of  Bowmanstown  and  north  of  Walkton  in  rocks  of  the  New  Scotland 
Formation,  Shriver  Chert,  and  Buttermilk  Falls  Limestone.  Clay  resulting 
from  intense  leaching  of  these  rocks  has  been  quarried  by  the  Universal 
.\tlas  Cement  Company  to  the  east  of  the  mapped  area  near  Kunkletown. 
This  clay  is  used  as  a whitener  in  cement. 

In  the  mapped  area,  these  clay-jrroducing  rocks  occur  in  structural 
settings  similar  to  those  in  the  Kunkletown  area  (plunging  antiforms) 
and  should  have  undergone  similar  weathering  conditions,  giving  rise  to 
clays  of  similar  character.  The  presetice  of  clay  deposits  in  these  areas  is 
not  proven,  but  the  potential  may  warrant  further  investigation. 

The  character  of  the  clays  in  the  Kunkletown  area  is  reported  by 
Leighton  (1934  and  1941)  and  detailed  data  on  their  stratigraphic  and 
structural  relations  are  given  by  Epstein  and  Hosterman  (1969)  . No 
samples  of  clays  were  obtained  in  the  mapped  area,  but  the  clays  should 
be  similar  to  those  near  Kunkletown,  and  recent  analyses  (on  file  at  the 
Pennsylvania  Geological  Survey,  Harrisburg)  of  samples  from  the  quar- 
ries of  the  Universal  Atlas  Cement  Division,  U.S.  Steel  Corporation,  are 
given  in  Table  25.  Slow-firing  tests  (not  reported  here)  of  these  clays 
indicate  that  their  absorption  and  shrinkage  is  probably  too  high  for 
low-duty  refractory  brick,  but  some  potential  for  stoneware  exists  if  large 
quantities  of  alkali  are  added. 

At  the  base  of  the  Buttermilk  Falls  Limestone  (below  the  Hazard  paint 
ore  memlrer)  is  a white  clay  which  was  sampled  in  quarries  of  the  Alliance 
Sand  Company  at  Palmerton.  X-ray  mineralogic  analysis  of  this  clay 
(analysis  by  Pennsylvania  Geological  Survey)  showed  the  following  com- 
position: 
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Quartz 

39% 

Mica 

19 

Kaolinite 

12 

c;-\-Mo 

< 1 

Feldspar 

< 1 

This  clay  is  somewhat  dirterent  in  composition  horn  the  Kunkletown 
area  clay  reported  in  Taltle  25  and  may  have  considerably  different 

Table  25.  Chemical  Analyses,  X-ray  Mineralogic  Analyses,  and 
Physical  Tests  of  Clay  Samples  from  near  Kunkletown 

Sample  1 (205-5-3)  is  from  the  New  Scotland  Formation  4.1  miles  cast-northeast  of 
Kunkletown  and  sample  2 (205-5^)  is  from  the  Buttermilk  Falls  Limestone  3.5  miles 
east-northeast  of  Kunkletown.  NA,  not  available;  ND,  not  determined. 

Sample 


Chemical  analysis 

1 

2 

L.  O.  I.  (a  1,000°C 

3.74% 

3.22% 

FLO  loss  ^ 110°C 

.20 

. 16 

Combined  Fl  .O 

NA 

NA 

■SiO., 

77.40 

78.90 

ALOs 

1 2 . 30 

12.00 

Fe.Oj 

.94 

.70 

FeO 

ND 

ND 

CaO 

.06 

.08 

MgO 

.75 

.64 

CO. 

. 13 

. 1 5 

Na.O 

.30 

.21 

K.O 

3 . <)3 

3 . 50 

TiO. 

.85 

.73 

P2O5 

NA 

NA 

MnO 

NA 

NA 

S (total) 

> . 03 

.04 

C (total) 

.09 

. 14 

X-ray  mineralogic 
analysis 

■Sample 

1 

2 

Quartz 

49 . 0 

.50.0 

Mica 

33.0 

■30.0 

Kaolinite 

10.0 

14.0 

C-V-Mo 

.0 

.0 

Feldspar 

2.0 

1.0 

Physical  tests 

pH 

4.82 

5.05 

P.  C.  E. 

23-24 

24-25 

Water  of  plasticity 

27.1 

27.9 

Drying  shrinkage 

.5 

2.5 

Drv  strength 

Fair 

Fair 
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properties,  but  it  has  not  been  tested.  The  clay  occurred  in  all  the  paint 
ore  mines  reported  by  Hill  (1887,  p.  1393-1400)  and  was  generally  4 feet 
or  more  in  thickness.  The  distriltution  of  this  clay  is  presumably  the 
same  as  the  rest  of  the  Buttermilk  Falls  Limestone.  Further  tests  are 
necessary  to  prove  the  clay  an  economic  resource. 

A clay  sometimes  develops  through  weathering  of  shale  at  the  base  of 
the  Schoharie-Esopus  Formation.  An  X-ray  mineralogic  analysis  (analysis 
by  Pennsylvania  Geological  Survey)  of  a sample  from  this  horizon  in 
the  Universal  Atlas  quarries  near  Kunkletown  gives  the  following  com- 
position: 


Quartz 

29% 

Mica 

50 

Kaolinite 

18 

C-V-Mo 

0 

Feldspar 

0 

Nothing  is  known  about  the  properties,  potential  use  or  degree  of  devel- 
opment of  this  clay. 

I’wo  clay  deposits  of  limited  quantity  occur  in  surficial  deposits  in  the 
mapped  area.  One  deposit  is  a red  clay  which  sometimes  occurs  as  thin 
beds  in  Illinoian(?)  outwash  deposits  along  Pohopoco  Creek  (see  section 
on  surficial  deposits)  . The  X-ray  mineralogic  composition  of  one  of  these 
clays  is  presented  on  page  215.  The  fresh  clay  is  plastic,  but  no  use  tests 
have  been  made  for  it.  The  quantity  of  clay  available  is  unknown  and 
all  known  occurrences  of  this  clay  are  under  water  in  the  Beltzville 
reservoir. 

The  other  deposit  occurs  along  Pa.  Route  443  just  west  of  Lehighton 
and  is  probably  deeply  leached  clay-rich  Illinoian(?)  till.  The  X-ray 
mineralogic  composition  of  this  material  is  presented  in  the  section  on 
surficial  deposits.  The  clay  has  been  used  locally  as  a sealer  in  ponds. 
No  other  deposit  of  similar  material  was  observed  in  the  mapped  area. 

HYDRAULIC  CEMENT 

True  hydraulic  cements  have  been  in  use  since  ancient  Roman  times. 
Although  there  are  several  varieties  of  hydraulic  cement,  one  of  the 
common  types  results  from  calcination  and  grinding  of  impure  limestone 
such  as  in  the  Buttermilk  Falls  Limestone.  The  use  of  such  cements  has 
largely  been  replaced  by  Portland  cement.  Early  in  the  nineteenth 
century  hydraulic  cement  w'as  produced  from  a quarry  located  below  the 
processing  plant  of  the  Alliance  Sand  Company  northeast  of  Hazard. 
According  to  Chance  (1882b,  p.  355)  the  cement  was  of  superior  quality 
and  “all  the  masonry  of  the  Lehigh  and  Susquehanna  canal  was  laid  with 
it,  and  the  way  it  has  worn  certainly  does  not  condemn  it.” 
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1 liere  are  no  reported  chemical  analyses  oi  the  limestone  tised  lor  pro- 
duction of  the  Carbon  (iounty  hydraidic  cement  and  none  were  made 
during  this  investigation. 

The  “Onondaga"  “cement  bed”  occurred  in  all  the  jiaint-ore  mines 
reported  by  Mill  (1887,  p.  1391-1400)  and  apparently  occtirs  above  the 
Palmerton  Formation  throughout  the  mapped  area.  However,  the  lime- 
stone is  almost  totally  unexposed  in  the  area  and  thus  available  only 
through  extensive  mining. 

There  is  ctirrently  little  demand  for  hydraulic  cement  and  withottt  an 
extensive  local  market  the  available  hydratdic  cement  resource  in  the 
mapped  area  will  probably  remain  only  a potential  because  of  the  rela- 
tively high  production  cost  (due  to  the  necessity  lor  mining)  and  the 
cost  of  transportation  to  more  distant  markets. 


ROOFING  GRANULES 

Roofing  granules  are  rock  particles  placed  on  toj)  of  felt  and  asphalt 
roofs  to  protect  the  roofs  from  the  sun’s  rays.  The  grantiles  are  usually 
Vs  'Vt  diameter,  btit  rocks  as  large  as  4 inches  have  been  used 

for  artistic  effect.  Physical  sjiecifications  re(|uire  mainly  that  the  granides 
be  dry  and  free  of  fines  and  dust  so  they  will  stick  well  to  hot  asphalt. 
The  granules  must  be  hard  enough  to  resist  breakage  and  dust  prodtic- 
tion  during  handling  and  transportation,  .\ngular  particles  are  |neferred 
because  of  better  packing  wdth  a minimum  of  ojren  space  between  grains. 
An  even  size  distribution  throtigh  the  size  range  is  best  for  optimum 
coverage  and  opaque  granules  best  protect  the  asphalt  from  deterioration 
from  the  sun's  rays,  as  well  as  partly  fireproof  the  asphalt. 

Some  of  the  red  siltstones  and  fine-grained  sandstones  of  the  Whilcks- 
ville  and  Long  Run  Members  (Catskill  Formation)  and  the  Mauch 
Chunk  Formation  wotdd  be  suitable  for  production  of  red  granules. 
Green  grantiles  cotild  be  jnoduced  from  some  of  the  green  siltstones  of 
the  Walcksville  Member  (Catskill  Formation)  . The  Beaverdam  Run 
Member  (Catskill  Formation)  would  produce  a pleasant  brownish-gray 
granule.  As  mentioned  above,  waste  slate  from  the  Martinsburg  Forma- 
tion may  also  be  used  for  the  prodtiction  of  grantdes. 


HYDROCARBONS 

“The  Appalachian  basin  includes  the  area  in  which  the  modern  petro- 
leum indtistry  started.  Its  oil  and  gas  fields  have  had  the  longest  pro- 
duction history  of  any  on  the  North  American  continent.  Their  com- 
mercial development  dates  from  the  discovery  of  oil  in  a stray  sand  of 
LJpper  Devonian  age  at  a depth  of  69  feet  in  the  Drake  well  along  Oil 
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Creek  south  ot  Titusville  in  northwestern  Pennsylvania  in  1859.”  (Fettke, 
1953,  p.  11).  The  easternmost  subsurface  exploration  for  hydrocarbons, 
specifically  natural  gas,  in  the  Appalachian  basin  of  Pennsylvania  began 
in  earnest  in  the  mid-195()’s. 

In  1950,  Willard  and  Stevenson  called  attention  to  probabilities  of 
hydrocarbons  in  northeastern  Pennsylvania  and  central  New  York.  They 
descril^ed  the  presence  of  fokfs,  unconformities,  reefs  or  bioherms,  lateral 
and  vertical  transitions  in  sedimentary  rocks,  regional  thickness  changes, 
and  source-  and  reservoir-type  beds.  They  observed  (p.  2282)  ; “the  area 
of  northeastern  Pennsylvania  and  adjacent  parts  of  central  New  York 
has  potentialities  w’orth  recording  for  future  use  in  the  search  for  petro- 
leum and  natural  gas.” 

In  1956,  gas  discovery  and  development  occurred  in  Lackawanna 
County  in  the  Richards  #1  well  drilled  by  Transcontinental  Production 
Company.  This  discovery  well  is  situated  100  miles  east  of  any  well  pro- 
ducing at  that  time  and  only  4 miles  from  the  edge  of  the  anthracite  coal 
fields  of  the  Lackawanna  basin  (Grow,  1964).  The  “pay”  zone  occurred 
below  the  top  of  the  Upper  Devonian  Trimmers  Rock  Formation  and,  as 
illustrated  by  Grow  (Figure  4,  p.  81),  many  shows  of  gas  w'ere  observed  at 
various  stratigraphic  horizons  within  the  Upper  Devonian  in  several  of 
the  wells  drilled  in  this  Harvey  Lake  gas  field. 

Discovery  of  the  Harvey  Lake  gas  field  spurred  extensive  leasing  and 
wildcat  drilling  by  major  petroleum  companies  in  the  northeastern  coun- 
ties of  Pennsylvairia.  Wietrzychowski  (1963a)  lists  31  known  wells  pene- 
ti'ating  the  Upper  Devonian  and  deeper  rocks  in  northeastern  Penn- 
sylvania. His  map  (op.  cit.,  p.  44)  has  been  updated  to  January,  1969  to 
include  three  new-freld  wildcats  drilled  since  1963  (Graver  Estate  #1, 
Carbon  County;  Lally  #1,  Lackawanna  County:  Hudson  Realty  #1, 
W^ayne  County)  . Wagner  (1963)  discussed  the  history  of  gas  exploration 
in  northeastern  Pennsylvania  from  1930  to  1963. 

During  the  early  stages  of  mapping  in  the  Lehighton-Palmerton-Jim 
Thorpe  area  two  exploratory  wells  were  drilled  on  the  Lehighton  anti- 
cline in  Towamensing  Township  near  the  western  border  of  the  mapped 
area  (Plate  1)  . In  August,  1962,  Pure  Oil  Company  completed,  plugged, 
and  abandoned  the  Harvey  Smith  :^1  (Lytle  and  others,  1963).  The  well 
was  dry  and  bottomed  in  the  Onondaga  Formation  (Buttermilk  Falls 
Limestone  in  this  report)  at  a depth  of  3,211  feet. 

second  well,  the  Graver  Estate  #1,  also  dry,  was  completed  in  Sep- 
temlier,  1964,  by  Phillips  Petroleum  Company.  The  well  was  plugged  and 
abandoned  at  5,385  feet  in  the  Upper  Silurian  Wills  Creek-Tonoloway 
Eormations  (Lytle  and  others,  1965)  . The  description  of  the  ctittings 
from  this  well,  taken  from  Geological  Sample  Log  Company  data  for 
the  w’ell,  is  presented  as  section  24  in  the  Appendix. 


MINERAL  RESOURCES 


371 


Assuming  that  botli  the  Smith  and  Graver  wells  were  Oriskany 
(Ridgeley  Formation)  tests,  data  furnished  in  this  report  (Plate  1)  show 
that  it  is  reasonable  to  expect  that  the  Oriskany  is  nearest  the  surtace  at 
Weissport  where  the  Marcellus  Formation  is  exposed  and  the  Oriskany 
should  occur  less  than  1,000  feet  below  the  surface. 

No  exjrloration  has  yet  occurred  in  the  Upper  Devonian  sedimentary 
rocks  of  Carbon  County.  Rocks  of  similar  age  were  productive  in  the 
Harvey  Lake  gas  field  described  earlier.  There  is  sufficient  structural 
complexity  associated  with  probable  subsurface  facies  changes  along  the 
northern  border  of  the  mapped  area  as  well  as  to  the  north  and  northeast 
that  hydrocarbon  potential  in  the  Trimmers  Rock  and  Catskill  F'orma- 
tions  cannot  be  dismissed  without  judicious  exploration.  As  observed  by 
Grow  (1964)  , the  sedimentologic  and  stratigiaphic  relationships  in  the 
Upper  Devonian  rocks  were  of  prime  importance  in  the  Harvey  Lake 
gas  field  and  structure  alone  had  little  bearing  upon  gas  accumulation. 

METALLIC  MINERALS 

M inor  occurrences  of  several  metallic  minerals  in  the  mapped  area 
have  been  reported  by  Klemic  and  others  (1963,  p.  90-91)  and  include 
galena,  sphalerite,  chalcopyrite,  malachite,  and  uranium  (probably 
occurring  as  uraninite)  . All  of  these  minerals  except  uranium  occur  in 
the  Trimmers  Rock  F'ormation  at  Walcksville. 

Uranium  has  been  reported  in  the  Jim  Thorpe  area  by  a number  of 
workers  (Wherry,  1915:  Dyson,  1954;  Montgomery,  1954;  Klemic  and 
Baker,  1954;  McCauley,  1961;  Klemic,  1962;  and  Klemic  and  others, 
1963) , One  occurrence  is  in  the  lower  part  of  the  Duncannon  Member 
of  the  Catskill  Formation  along  the  railroad  south  of  Jim  Thorpe  on  the 
west  side  of  the  Lehigh  River.  Another  occurrence  is  in  the  upper  part 
of  the  Clark’s  Ferry  Member  of  the  Catskill  Formation  along  U.S.  Route 
209  south  of  Jim  Thorpe.  A third  occurrence  is  in  the  basal  con- 
glomeratic beds  of  the  Mauch  Chunk-Pottsville  transition  zone  which 
crops  out  along  U.S.  Route  209  north  of  Jim  Thorpe.  Some  test  mining 
of  this  dejxrsit  has  been  done  and  further  drilling  exploration  was  carried 
out  during  the  summer  of  1969,  but  no  commercial  uranium  has  been 
removed  to  date.  The  potential  worth  of  these  uranium  deposits  is  not 
known,  but  active  investigation  of  these  deposits  recommenced  in  1973. 
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APPENDIX  I.  DESCRIPTION  AND  EVALUATION  OF 
WHITE’S  TYPE  SECTIONS 

l)y  J.  I).  Glaeser 

DESCRIPTION  OF  WHITE’S  TYPE  SECTIONS 

Forty-two  outcrops  were  meastired  and  described  in  detail  by  the 
writer  at  White’s  (1881)  seven  type  locations  (Figure  174).  The  purpose 
of  the  reexamination  was  to  (1)  tabulate  lithologic  properties  of  exposures 
at  each  type  location  (specifically  grain  size,  color,  bedding  properties, 
primary  sedimentary  structures  and  fossils),  and  (2)  to  compare  rocks  at 
White’s  (1881)  type  locations  with  the  Catskill  rocks  at  the  Lehigh  River. 

Figure  175  shows  the  detailed  measurements  and  descriptions  of  the  ex- 
posures at  White’s  (1881)  type  locations.  One  of  the  most  important 
observations  at  these  sections  is  the  occurrence  of  fining-upward  cycles 
at  Flonesdale  and  Cherry  Ridge.  Similar,  though  less  abtmdant,  cycles 
were  observed  at  Elk  Mountain.  Also  important  at  the  type  locations  is 
the  areally  widespread  occurrence  of  lenticular  zones  of  calcareous  ma- 
terial. 


EVALUATION  OF  WHITE’S  TYPE  SECTIONS  AND  THEIR 
RELATIONSHIP  TO  THE  LEHIGH  RIVER  SECTION 

Starrucca 

White  (1881,  p.  70)  named  the  lowermost  Catskill  beds  “Starrucca”  for 
exposures  near  that  towm  (Figure  174).  He  applied  the  name  to  “olive  or 
greenish  shales  (which)  contain  numerous  thin  sandstones  . . . and  topped 
in  some  places  with  one  or  more  massive."  .'\t  the  Lehigh  River,  he 
observed  “greenish-gray  flaggy  sandstone."  (1882,  p.  80)  the  base  of  which 
lay  120  feet  below  the  lowest  red  betl  there  (p.  80  and  103).  He  correlated 
the  rocks  from  Starrucca  with  this  unit. 

The  newly  examined  exposures  around  Starrucca  are  most  easily  relat- 
able  to  the  physical  attriljutes  of  the  unit  which  the  present  tvriter  calls 
the  Towamensing  Member  at  the  Lehigh  River  (Figure  101).  d’his  locally 
defined  member  has  the  same  limits  as  White’s  Starrucca  unit  at  the 
Lehigh  River  (White,  1882).  Because  mapping  has  not  yet  demonstrated 
relationships  of  these  rocks  between  the  Lehigh  River  and  Starrucca,  a 
name  from  the  Lehigh  River  valley  is  used  here.  However,  should  a 
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Figure  174.  Type  locations  of  I.  C.  White’s  (1881)  Catskill  members. 


future  correlation  Ire  jrroven  by  detailed  field  mapping,  the  name  Towa 
mensing  should  be  abandoned  in  favor  of  the  name  Starrucca. 


Netv  Milford  and  Montrose 

Wliite  (1882,  p.  101)  assumed  the  New  Milford  shale  to  be  the  first  rec 
horizon  above  the  base  of  the  Catskill  Formation  (Figure  175).  Separat 
ing  the  New  Milford  from  the  Montrose,  also  red.  White  (p.  99)  suggestec 
that  a sandstone,  which  he  called  the  Delaware  River  Flags,  occurred  tc 
the  southeast  of  his  New  Milford  and  Montrose  type  sections. 

There  is  no  difference  in  the  outcrop  characteristics  at  New  Milforc 
and  Montrose,  no  major  sandstone  between  these  two  type  locations,  and 
little  similarity  between  rocks  at  Montrose  and  the  unit  which  White 
(1882)  called  Montrose  at  the  Lehigh  River  section. 

The  writer  (Glaeser)  suggests  that  all  physical  properties  observed  ai 
sections  around  both  New  Milford  and  Montrose  clearly  relate  these 
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cover* 
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cover* 
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cover  130  feet 

Red  fissile  sh  grodes  loferolly  into  careen  mudstone 
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Boikjnd-pillow  structures 

cover* 

SrochiopotJs 

F-vf  ss  with  planor  boses  ond  fops 
Boll-ond-pillow  siruclures 
Fossil  hosh-momly  cnnoids 
Mosswe  groy  vf  ss 
Fissile  to  ploly  grgy-green  stist 

* Thickness  not  Known 


igure  175.  Newly  measured  sections  at 
localities. 


C.  White’s  (1881)  original  type  Catskill 
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lithologies  to  the  Walcksville  Member  (Klemic  and  others,  1963)  at  the 
Lehigh  River  section  (Figure  101).  This  interpretation  suggests  that 
rocks  at  these  widely  spaced  locations  are  the  products  of  a similar 
depositional  regime  and  that  White’s  (1882)  separation  of  the  New  Mil- 
ford and  Montrose  at  the  Lehigh  section  is  not  justified  on  the  basis  of 
lithologic  evidence. 

Honesdale  and  Cherry  Ridge^ 

Figure  175  gives  the  details  of  the  newly  measured  sections  at  Hones- 
dale and  Cherry  Ridge. 

Seven  fining-upward  cycles  were  identified  in  outcrops  around  Hones- 
dale and  Cherry  Ridge.  Cycles  similar  to  these  have  been  observed  at  the 
Lehigh  River  section  in  the  upper  part  of  the  Long  Run  Member.  The 
upper  parts  of  the  Long  Run  Member  are  similar  to  rocks  at  Honesdale 
and  Cherry  Ridge  and  the  correlation  is  made,  therefore,  with  the 
Long  Run. 

This  suggested  relationship  between  rocks  at  Honesdale  and  Cherry 
Ridge  with  rocks  of  the  upper  Long  Run  Member  at  the  reference  section 
is  considerably  lower  stratigraphically  than  White’s  (1882)  selections  of 
units  at  the  Lehigh  River. 


Elk  Mountain  and  Mount  Pleasant" 

Up  to  200  feet  of  “gray,  red,  green  and  spotted  shales  with  a few 
sandstone  layers”  were  assigned  by  White  (1881,  p.  64)  to  the  Elk  Moun- 
tain Member  of  the  Catskill  Formation.  Elsewhere  he  called  this  interval 
the  “Elk  Mountain  green  sandstones  and  shales”  (1882,  p.  95).  He  thought 
that  he  recognized  the  interval  near  the  top  of  the  Catskill  Eormation 
along  the  Lehigh  River. 

At  Mount  Pleasant,  White  (1881,  p.  63)  observed  100  feet  of  red  shale 
and  elsewhere  (1882,  p.  79  and  95)  he  assigned  the  same  name  to  red 
conglomerates,  sandstones,  and  shales. 

In  Mount  Pleasant  Township,  the  sequence  of  exposures  examined  by 
the  writer  has  essentially  the  characteristics  observed  in  outcrops  at  Elk 
Mountain,  although  more  of  the  rock  in  Mount  Pleasant  Township  is 


1 No  exposures  occur  at  Cherry  Ridge,  although  new  roadcuts  east  of  the  town  just 
south  of  Honesdale  pass  through  beds  stratigraphically  higher  than  any  described 
by  White  (1881). 

^The  town  is  now  called  Pleasant  Mount  and  the  township  in  which  it  is  located 
retains  the  original  name. 
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red.i  However,  the  stratigraphic  relationships  between  these  tw'o  type 
locations  straddling  the  Lackawanna  syncline  cannot  be  interpreted  with 
present  data. 

Sand  grain  size,  presence  of  conglomeratic  sandstones,  abundant  leached 
calcareous  zones,  crossbedding,  and  minor  red  color  at  Elk  Mountain 
exftosures  imply  a relationship  in  dep>ositional  origin  of  these  rocks  and 
those  described  by  the  writer  as  the  Packerton,  Sawmill  Run,  and  Berry 
Run  Members  at  the  Catskill  section  on  the  Lehigh  River  (Figure  101). 
The  presence  of  red  beds,  conglomeratic  and  calcareous  sandstones, 
leached  calcareous  zones,  and  abundant  crossbedded  sandstones  at  out- 
crops observed  in  Mount  Pleasant  Township  suggests  that  these  rocks  are 
also  most  similar  to  the  Packerton,  Sawmill  Run,  and  Berry  Run  Mem- 
bers at  the  Lehigh  River. 

Note  that  the  parts  of  the  reference  section  to  which  Elk  Mountain 
and  Mount  Pleasant  rocks  seem  to  best  fit  (Figure  175)  are  below 
the  uppermost  two  members  at  the  Lehigh  River  section,  which  are  not 
accounted  for  lithologically  at  any  of  White’s  (1881)  type  locations.  Rocks 
comprising  these  upper  two  members  of  White  (1882)  at  the  Lehigh 
River  differ  lithologically  from  rocks  observed  at  the  type  locations  from 
which  the  names  were  derived  (Mount  Pleasant,  Elk  Mountain,  and 
Cherry  Ridge). 

It  might  be  suggested  that  these  uppermost  2,000  feet  of  coarse  elastics 
at  the  Lehigh  River  section  are  related  laterally  to  units  of  White’s 
highest  type  members  and  that  a direct  comparison  of  lithologic  assem- 
blages does  not  adequately  account  for  lateral  changes  which  might 
occur,  since  intermediate  sections  have  not  been  used  to  support  the 
writer’s  comparisons.  Reconnaissance  investigations  do  not  support  this 
contingency.  These  coarse  elastics  have  been  found  in  areas  other  than 
those  around  White’s  (1881)  type  sections;  they  were  observed  in  Wayne 
and  Pike  Counties  and  occur  in  what  this  writer  (Glaeser)  thinks  are 
gentle  synclinal  structures  similar  to  those  described  elsewhere  in  north- 
eastern Pennsylvania  by  Fletcher  and  Woodrow  (1970).  No  detailed  study 
or  map  of  the  extent  and  shape  of  these  structures  has  been  made  by 
the  writer. 


^ Red  beds  cap  South  Knob  at  Elk  Mountain  and  typical  Catskill  gray-green,  cross- 
bedded,  medium-  to  fine-grained  sandstones  with  interbedded  siltstones  cap  North  Knob. 
No  lithology  typical  of  the  Pocono  was  observed  (Glaeser,  1968).  The  geologic  map  of 
Pennsylvania  (Gray  and  others,  1960)  indicates  that  both  knobs  are  Pocono  Formation. 
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APPENDIX  II.  MEASURED  SECTIONS 

SECTION  1 

PARTS  OF  POXONO  ISLAND  FORMATION  AND 
BOSSARDVILLE  LIMESTONE 

Parts  of  the  Poxono  Island  Formation  and  Bossardville  Limestone  exposed  along 
tracks  of  the  Central  Railroad  of  New  Jersey,  3,500  feet  southeast  of  intersection  of 
Pa.  Routes  895  and  248  in  Bowmanstown.  Beds  are  vertical.  Section  measured  by 
J.  B.  Epstein. 


Unit  Lithologic  description 

Bossardville  Limestone  (part) 

15  Limestone,  medium-dark-gray  (N4)  to  medium-gray  (N5),  quartzose,  very  fine  to 
fine-grained.  Very  fine  grained  beds  are  argillaceous.  Finely  bedded  to  laminated; 
unevenly  to  wavy  bedded.  Beds  range  from  thin  laminae  to  2 in.  thick.  Minor  ostra- 
codes.  Upper  and  lower  contacts  covered. 

14  Covered;  float  consists  of  medium-dark-gray  (N4)  fine-grained  limestone  containing 
abundant  ostracodes. 

13  Limestone,  medium-dark-gray  (N4),  to  medium-gray  (N5),  fine-  to  very  fine 
grained;  weathers  yellowish  gray  (5Y8/1)  to  pale-yellowish  brown  (10YR6/2)  and 
light  gray  (N7) ; laminated  to  finely  bedded,  beds  as  much  as  3 in.  thick,  fine-grained 
beds  less  than  0.5  in.  thick;  graded;  basal  parts  of  some  beds  quartzose  and  stand 
out  in  relief  upon  weathering. 

Incomplete  thickness  of  Bossardville  Limestone. 

Poxono  Island  Formation  (part) 

12  Dolomite,  greenish-gray  (5GY6/1),  partly  calcareous;  weathers  dark-yellowish 
orange  (10YR6/6) ; partly  argillaceous  and  mud  cracked;  burrow  mottled  and  indis- 
tinctly bedded;  basal  contact  abrupt. 

11  Partly  covered;  calcareous  dark-yellowish-orange  (10YR6/6)  to  pale-yellowish- 
orange  (10YR8/6)  weathered  dolomite  in  float. 

10  Limestone  and  calcareous  shale.  Medium-gray  (N5)  very  fine  to  fine-grained  lime- 
stone interlaminated  with  and  partly  grading  up  into  irregular  laminae  of  greenish- 
gray  (5GY6/1)  calcareous  shale;  mud  cracked.  Basal  contact  gradational. 

9 Similar  to  unit  10  but  without  mud  cracks.  Basal  contact  gradational. 

8 Limestone,  medium-dark-gray  (N4)  to  medium-gray  (N5),  fine-  to  very  fine 
grained,  partly  argillaceous;  laminated  to  finely  bedded;  graded,  some  basal  beds 
are  quartzose  and  stand  out  in  relief  upon  weathering;  some  laminae  lenticular; 
scattered  micro-channeling;  minor  burrows;  ostracodes  concentrated  in  basal  part 
of  graded  bed;  rare  intraclasts  as  much  as  0.5  mm  long.  Basal  contact  abrupt. 

7 Calcareous  dolomite,  quartzose  limestone,  and  shale.  Light-bluish-gray  (5B7/1) 

laminated  calcareous  dolomite  in  laminae  and  beds  as  much  as  0.5  in.  thick,  medium- 
gray  (N5)  limestone  laminae  averaging  about  0.1  in.  thick,  and  greenish-gray 
(5GY6/1)  paper-thin  shale.  Graded;  mud  cracked;  ostracodes  in  basal  coarser  beds; 
fillings  between  mud  cracks  composed  of  greenish-gray  (5GY6/1)  dolomitic  shale 
as  much  as  0.25  in.  thick. 

6 Shale  and  dolomite.  Mud-cracked  greenish-gray  (5GY6/1)  to  pale-olive  (10Y6/2) 
calcareous  indistinctly  bedded  and  laminated  shale  which  grades  up  into  greenish- 
gray  (5GY7/1)  calcareous  dolomite  which  weathers  grayish  orange  (10YR7/4)  to 
dark-yellowish  orange  (10YR6/6). 

5 Covered. 

4 Shale  and  limestone.  Medium-gray  {N5)  and  pale-olive  (10Y6/2)  pyritic  calcareous 
shale  in  laminae  and  beds  as  much  as  5 in.  thick,  interbedded  with  very  fine  to 
medium-grained,  unevenly  bedded  and  laminated,  graded  (fine-grained  calcarenite 
and  calcisiltite  with  ostracodes  grading  up  into  micrite),  partly  quartzose  limestone 
in  beds  as  much  as  0.75  in.  thick  and  greenish-gray  (5GY6/1)  to  grayish-green 
(10GY5/2)  calcareous  shale  from  laminae  to  0.5  in.  thick. 

3 Limestone  and  shale.  Medium-light.-gray  (N6)  to  medium-gray  (N5)  very  fine  to 
fine-grained  pyritic  limestone  which  weathers  light  gray  (N7)  to  medium-light  gray 
(N6)  in  laminae  and  beds  0.05  to  0.5  in.  thick  and  containing  ostracodes,  inter- 
bedded and  interlaminated  with  medium-light-gray  (N6)  calcareous  shale  to  argil- 
laceous limestone  which  weathers  grayish  orange  (10YR7/4).  A few  thin  (less  than 
0.25  in.)  beds  of  very  fine  grained  quartzose  calcarenite  and  calcareous  sandstone  at 
base  of  graded  units.  Some  calcareous  shale  intraclasts  as  much  as  1.5  in.  long  in 
coarser  beds.  Some  beds  have  micro  scour-and-fill. 


Thickness 
(in  feet) 


1.8 

5.7 


1.4 

8.9 


4.3 

1.8 

1.3 
3.5 


1.8 


0.8 


4.5 

6.5 


4.0 


1.3 


APPENDIX  II 


397 


Unit  Lithologic  description 

2 Limestone,  silty,  pyritic,  medium-light-gray  (N6),  fine-  to  medium-grained;  un- 
evenly bedded  and  laminated;  partly  graded;  beds  less  than  0.25  to  2 in.  thick  and 
are  separated  by  paper-thin  light-gray  (N7)  to  medium-light-gray  (N6)  calcareous 
shale  which  weathers  dark-yellowish  orange  (10YR6/6);  some  beds  contain  lime- 
stone intraclasts  as  much  as  0.75  in.  long:  abundant  leperditiid  and  ornate  ostra- 
codes  and  some  brachiopods  in  limestone  beds. 

1 Covered;  greenish-gray  (5GY6/1)  shale  float. 

Incomplete  thickness  of  Poxono  Island  Formation. 


Thickness 
(in  feet) 


1.2 

Not 

measured 

31.0 


SECTION  2 

PARTS  OF  BOSSARDVILLE  LIMESTONE  AND 
DECKER  FORMATION 

Parts  of  the  Bossardville  Limestone  and  Decker  Formation  in  abandoned  quarry, 
1,500  feet  northeast  of  the  Hazard  School  in  Palmerton.  Beds  dip  moderately  north- 
west. Section  measured  by  J.  B.  Epstein. 


Unit 


Lithologic  description 


Thickness 
{in  feet) 


Decker  Formation  (part) 

20  Siltstone,  shale,  and  sandstone.  Medium-gray  (N5)  to  medium-light-gray  (N6) 
slightly  calcareous  silty  shale  in  uneven  laminae  and  beds  as  much  as  3 in.  thick,  and 
dark-yellowish-orange  (10YR6/6)  to  greenish-gray  (5GY6M)  slightly  calcareous, 
leached,  fossiliferous,  moderately  to  extensively  burrowed,  micro  cross-laminated  and 
unevenly  parallel  laminated,  and  lenticular  siltstone  to  fine-grained  sandstone 
(fossils  include  favositids,  crinoid  columnals,  and  brachiopods — many  Eccentricosta 
jerseyensis  on  some  bedding  planes).  Lower  contact  abrupt;  upper  boundary 
covered  by  debris  from  sand  quarry  above.  10.7 

19  Calcareous  siltstone  to  very  fine  grained  sandstone  and  arenaceous  limestone; 
weathers  grayish  orange  (10YR7  4);  massively  bedded,  beds  as  much  as  3.5  ft. 
thick,  partly  laminated,  extensively  burrowed,  small-scale  cut-and-fill  structure, 
abundant  fossils  (bryozoans  and  brachiopods  including  Eccentricosta  jerseyensis)  give 
rock  a straticulate  appearance;  basal  contact  abrupt.  8.7 

18  Shale  and  siltstone,  calcareous,  contains  very  fine  sand,  medium-dark-gray  (N4)  silty 
shale  (about  10  percent  of  unit)  interlaminated  and  interbedded  with  greenish-gray 
(5GY6  1)  calcareous  shaly  siltstone  which  weathers  dark-yellowish  orange 
(10YR6  6)  to  grayish  orange  (10YR7/4);  beds  K to  3 in.  thick.  Abundant 
ostracodes.  2.1 

17  Limestone  and  shaly  limestone.  Medium-gray  (N5)  to  medium-dark-gray  {N4)  very 
fine  to  medium-grained  limestone  which  weathers  medium-light  gray  (N6)  to  medi- 
um gray  (N5),  interlaminated  and  interbedded  (beds  as  much  as  K in.  thick)  with 
greenish-gray  (5GY6  1)  shaly  limestone  which  weathers  grayish  orange  (10YR7  4). 

Slightly  dolomitic.  Coarser  limestone  contains  minor  medium-  to  very  coarse  grained 
quartz  sand.  Some  laminae  with  numerous  ostracodes  and  lesser  brachiopod,  bryo- 
zoan,  and  gastropod  fragments.  Some  laminae  disrupted,  producing  intraclasts  as 
much  as  5 in.  long.  Many  laminae  and  beds  graded  from  sandy  ostracode-rich 
medium-grained  limestone  at  base  to  very  fine  grained  shaly  limestone  at  top. 
Stromatolitic  in  places  (hemispheroids  of  low  relief  as  much  as  8 in.  in  diameter  to 
crinkly  laminated  sheets).  1.0 

16  Siltstone,  coarse,  sandy,  calcareous,  moderate-brown  (5YR3  4-5YR4  4),  leached, 

platy.  0.8 

15  Limestone,  medium-dark-gray  (N4),  very  fine  to  fine-grained,  slightly  uneven  beds 
1^2  to  4 io.  thick,  intraclasts,  oolitic.  Very  abundant  ostracodes,  lesser  bryozoans, 
brachiopods,  and  rare  conodonts.  1.5 

14  Limestone,  siltstone,  and  shale.  Modium-dark-gray  (N4)  fine-  to  coarse-grained 
silty  limestone  which  weathers  medium-light  gray  (N6)  and  light-bluish  gray 
(5B7  1)  interlaminated  and  interbedded  with  greenish-gray  (5GY6/i)  calcareous 
and  partly  arenaceous  siltstone  and  shale  which  weathers  grayish  orange  {10YR7/  4). 

Laminae  parallel  and  irregular.  Many  ostracodes,  some  brachiopods  and  stromatolite 
hemispheroids  of  low  relief  as  much  as  1 in.  in  diameter.  Many  beds  and  laminae 
graded.  0.9 
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Lithologic  description 

Limestone,  silty  to  finely  arenaceous,  and  calcareous  siltstone,  medium-gray  (N5) 
to  medium-light-gray  (N6),  weathers  yellowish  brown  (10YR5/4),  partly  leached, 
abundant  ostracode  fragments,  irregularly  laminated  to  micro  cross-laminated.  Con- 
tact with  underlying  Bossardville  Limestone  placed  at  the  base  of  the  lowest  cal- 
careous siltstone  or  sandstone. 

Incomplete  thickness  of  Decker  Formation. 

Bossardville  Limestone  {pari) 

12  Limestone  and  shale.  Medium-dark-gray  (N4)  quartzose  pyritic  fine-  to  coarse- 
grained limestone  which  weathers  medium-light  gray  (N6)  and  light-bluish  gray 
(5B7  1)  interlaminated  and  finely  interbedded  with  greenish-gray  {5GY6  1)  cal- 
careous and  partly  dolomitic  shale  which  weathers  grayish  orange  (10YR7/4). 
Laminae  parallel  and  irregular.  Coarser  limestone  contains  abundant  ostracodes  and 
intraclasts  of  shale  and  minor  Bryozoa.  Graded. 

11  Covered.  Float  consists  of  laminated  ostracode-rich  very  fine  to  fine-grained 
medium-gray  (N5)  to  medium-dark-gray  (N4)  limestone  and  light-olive-gray 
(5Y6  1)  calcareous  shale. 

10  Limestone  and  shale.  Limestone,  argillaceous,  medium-dark-gray  (N4)  to  dark-gray 
(N3),  very  fine  to  medium-grained,  scattered  to  abundant  ostracode  fragments, 
graded,  irregularly  laminated  with  light-olive-gray  (5Y6  1)  calcareous  shale.  Lower 
contact  abrupt. 

9 Limestone,  medium-dark-gray  (N4)  to  medium-light-gray  (N6)  and  light-olive-gray 
(5Y6  1),  predominantly  fine  grained,  laminated,  many  laminae  disrupted,  intra- 
clasts as  much  as  1 in.  long,  many  of  which  are  encrusted  with  bryozoans  and  possi- 
bly algae  (oncolites).  Abundant  ostracodes.  Minor  thin  laminae  of  grayish-orange 
(10YR7/4)-weathering  calcareous  shale.  Lower  contact  gradational. 

8 Similar  to  unit  above  but  with  many  more  bryozoan-encrusted  intraclasts  and  possi- 
bly oncolites  that  stand  out  in  relief  upon  weathering. 

7 Limestone,  dark-gray  (N3)  to  medium-dark-gray  (N4),  very  fine  to  very  coarse 
grained,  weathers  medium-light  gray  (N6):  floating  calcite  grains  as  much  as  2 mm 
in  diameter;  beds  wavy  and  0.75  to  4 in.  thick;  abundant  ostracodes  and  bryozoans; 
many  intraclasts  as  much  as  1 in.  in  diameter  with  encrusting  bryozoans  and 
possibly  encrusting  algae  (oncolites)  that  stand  out  in  relief. 

6 Limestone  and  shaly  limestone.  Medium-dark-gray  (N4),  very  fine  grained  limestone 
which  weathers  light  gray  (N7);  ostracodes;  interlaminated  with  medium-dark-gray 
(N4)  to  medium-olive-gray  {5Y5  1)  shaly  limestone  which  weathers  light-olive  gray 
(5Y6  1).  Laminae  less  than  1 mm  to  10  mm  thick  (“ribbon  limestone”). 

5 Limestone,  argillaceous,  dark-gray  (N3),  disrupted  laminae  and  fine  bedding,  intra- 
clasts, ostracodes.  Units  5 20  exposed  on  the  north  side  of  quarry. 

4 Covered  across  floor  of  quarry. 

3 Limestone,  medium-dark-gray  (N4)  and  medium-gray  (N5);  laminated,  some 

laminae  shaly  and  silty;  pyritic;  weathers  pale-grayish  orange  (10YR7/3)  and 
medium-light  gray  (N6) ; rare  ostracodes;  minor  burrow  mottles;  mud-crack  columns 
3--10  in.  wide;  paper-thin  dark-gray  (N3)  to  medium-dark-gray  (N4)  shale  fills 
cracks. 

2 Limestone,  medium-dark-gray  (N4),  very  fine  grained,  argillaceous,  pyritic; 

weathers  yellowish  gray  {5Y8  1)  to  moderate-yellowish  brown  (10YR5  4);  lami- 
nated: graded;  mud  cracks  2-5  in.  wide;  rare  ostracodes;  scattered  burrow  mottles. 

1 Covered.  Float  consists  of  medium-dark-gray  (N4)  laminated  shaly  limestone.  No 
float  seen  south  of  unit. 

Incomplete  thickness  of  Bossardville  Limestone. 


Vnii 

13 


Thickness 
{in  feet) 


0.3 

26.0 


2.0 

7.7 

0.5 

2.6 

1.0 


2.1 

1.7 

0.4 

31.0 


2.0 

2.3 

10.0 

63.3 


SECTION  3 

PARTS  OF  THE  DECKER  EORMATION  AND  POSSIBLY 
THE  STORMVILLE  MEMBER  OE  THE 
COEYMANS  FORMATION 

Measured  section  of  parts  of  the  Decker  Formation  and  possibly  the  Stormville 
Member  of  the  Coeymans  Formation  exposed  in  a pavement  outcrop  in  the  parking 
lot  of  Scranton  Lamp  Shade  Company,  5,500  feet  east  of  Ashfield.  Beds  dip  57°  SE, 
overturned.  Many  sedimentary  structures  have  been  obliterated  by  deep  weathering 
and  complete  leaching  of  calcium  carbonate,  and  identification  of  stratigraphic  units 
is  open  to  some  speculation.  Rocks  in  units  11-14  are  similar  to  the  Andreas  Red  Beds 
described  by  Swartz  and  Swartz  (1941)  at  Andreas,  Pennsylvania,  6 miles  to  the 
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southwest.  Provisionally,  these  rocks  are  included  in  the  Decker  Formation,  and  the 
units  above  are  assigned  to  the  Stormville  Member  of  the  Coeymans  Formation.  See 
text  for  details  on  these  identifications.  Section  measured  by  J.  B.  Flpstein. 

Thirknes^^ 


Unit  Litholoijir  descriptiitri  {iji  feet) 

Sturmville  Member  of  Coeymans  Formation  {port} 

22  Shale,  siltstone,  and  very  fine  to  medium-^jrainod  -sandstone,  varit'gatvd.  Weathered 

to  clay  in  places.  Poorly  exposed.  Float  of  white  chert  from  hill  to  northwest.  14 . 7 

21  Sandstone,  grayish-orange  iloYRT  4t  to  light-brown  (5YR5  6),  medium-grained 

with  some  very  coarse  grains.  Partly  covered.  4.5 

20  Sandstone,  moderate-reddish-orange  ( loRB  6)  to  moderate-reddish-brown  { 10R4  6), 

very  tine  to  medium-grained.  2.5 

19  Sandstone,  quartzose,  moderate-orange-pink  (5YR8  4),  medium-  to  coarse-grained 

with  scattered  quartz  grains  as  much  as  5 mm  long.  1 .0 

18  Sandstone,  moderate-reddish-brown  (10R4  6)  to  grayish-red  i5R4  2),  very  tine  to 

very  coarse  grained.  Very  porous,  presumably  due  to  leaching  of  calcium  carbonate.  3.8 

17  Sandstone,  light-brown  (5YR5,  ti),  fine-  to  medium-grained.  1.1 

16  Sandstone,  dark-yellowish-orange  (10YR6  6)  to  grayish-red  (5R4  2),  very  fine  to 
very  coarse  grained;  conglomeratic,  quartz  pebbles  as  much  as  Uj  i^i.  long.  Very 
porous,  presumably  because  of  leaching  of  calcium  carbonate.  1.7 

15  Sandstone,  light-brown  (5YR5  6),  tint*-  to  medium-grained.  2.2 

Incomplete  thickness  of  Stormville  Member  of  Coeymans  Formation.  31 .5 

Decker  Formation  (part) 

14  Shale  and  siltstone,  pale-red  (5R6  2)  to  grayish-red  (5R4  2).  Possibly  top  bed  of 

Andreas  Red  Beds  of  Swartz  and  Swartz  (1941).  5.2 

13  Sandstone,  grayish-orange  (10YR7/4)  to  moderate-brown  (5YR4  4i,  medium-  to 

very  coarse  grained,  conglomeratic,  pebbles  as  much  as  U in  long.  0.8 

12  Sandstone,  very  fine  to  coarse-grained,  and  siltstone,  pale-red  (5R6  2)  (hematitic) 

and  light-brown  (5YR5  4).  Partly  burrowed.  12.1 

11  Sandstone,  pale-red  (10R6  2)  to  pale-reddish-brown  tl0R5  4i,  hematitic,  very  fine 

grained.  Possibly  lowest  beds  of  Andreas  Red  Beds  of  Swartz  and  Swartz  (1941).  2.9 

10  Covered.  5.7 

9 Siltstone  to  very  fine  grained  sandstone,  moderate-reddish-orange  (10R6  6)  to 
moderate-reddish-brown  (10R4  6).  Numerous  molds  of  ostracodest?)  and  brachio- 
pods  [Eccetitricosta  jerseyetisis?).  2.3 

8 Siltstone,  shale,  and  very  fine  grained  sandstone,  pale-yellowish-orange  (10YR8  6) 
to  dark-yellowish-orange  (10YR6  6)  and  pale-reddish-brown  (10R5  4),  minor 
medium-grained  sandstone,  kloedenid  ostracodes.  4.9 

7 Sandstone,  light-brown  {5YR6  4)  and  grayish-red  (10R4  2),  very  fine  to  fine- 
grained. 0.7 

6 Shale  and  siltstone,  dark-yellowish-orange  (10YR6  6),  light-brown  (5YR5  6), 

moderate-reddish-brown  (10R4  6),  and  very  dark  red  (5R2  6),  with  scattered 
ostracodes.  10.0 

5 Sandstone,  dark-yellowish-orange  (10YR6  6)  to  pale-yellowish-orange  (10YR8  6) 

and  light-brown  (5YR5  6)  with  scattered  quartz  grains  as  much  as  1 mm  long.  1 . 1 

4 Shale  and  siltstone,  dark-yellowish-orange  (10YR6  6),  light-brown  (5YR5  6), 

moderate-reddish-brown  (10R4  6),  and  very  dark  red  {5R2  6),  sandy,  with  scat- 
tered ostracodes.  5.0 

3 Sandstone,  dark-yellowish-orange  (10YR6  6)  to  pale-yellowish-orange  (10YR8  6) 
and  light-brown  (5YR5  6),  argillaceous,  with  scattered  quartz  grains  as  much  as 
2 mm  long.  0.3 

2 Shale,  siltstone,  and  lesser  very  line  grained  sandstone,  dark-yellowish-orange 
(10YR6  6),  light-brown  i5YR5  6),  moderate-reddish-brown  (10R4  6),  and  very 
dark  red  (5R2  6).  3.6 

1 Sandstone,  dark-yellowish-orange  (10YR6  6)  to  moderate-yellowish-brown 

{10YR5  4),  very  fine  to  fine-grained,  brachiopod  molds  {Ecrenfricosta  jerseyefisis).  0.4 

Incomplete  thickness  of  Decker  Formation.  55.0 


SECTION  4 

PARTS  OF  BLOOMSBURG  RED  BEDS, 

POXONO  ISLAND  FORMATION, 
BOSSARDVILLE  LIMESTONE  AND  DECKER  FORMATION 


Part  of  the  Bloomsburg  Red  Beds,  Poxono  Island  Formation,  Bossardville  Lime- 
stone, and  part  of  the  Decker  Formation  in  water  well  drilled  at  the  east  plant  of  the 
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New  Jersey  Zinc  Company,  Palmerton,  Pennsylvania,  1,900  feet  east  of  the  inter- 
section of  Mill  Creek  and  Aquashicola  Creek.  Modified  from  log  description  by 
John  L.  Rodda.  Beds  are  overturned  to  the  southeast  and  younger  rocks  are  encoun- 
tered with  depth.  Altitude  at  top  of  casing  is  422  feet.  Total  depth  is  685  feet.  Loca- 
tion of  contacts  may  be  approximate.  Section  measured  by  J.  B.  Epstein. 


Depth 

Unit  Lithologic  description  {in  feet) 

5 Overburden,  mixture  of  fragments  of  red  and  pinkish  shale,  greenish  and  whitish 

calcareous  shale,  limestone,  and  sandstone.  0-60 

Bloomsburg  Red  Beds  {pari) 

4 Shale,  reddish,  greenish,  and  calcareous  in  part,  sandy.  Some  fibrous  aragonite.  May 

include  some  rocks  of  the  Poxono  Island  Formation.  60-200 

Poxono  Island  Formation 

3 Shale,  gray  to  greenish,  calcareous,  partly  sandy;  some  dolomite  and  pyrite.  200-500 

Bossardville  Limestone 

2 Limestone,  light-  to  dark-gray,  shaly;  microfossils.  500-620 

Decker  Formation  {part) 

1 Saiidstone,  brown,  fine-grained,  pebbly,  ferruginous.  620-685 


SECTION  5 

RIDGELEY,  SCHOHARIE-ESOPUS,  AND 
PALMERTON  FORMATIONS 


Described  section  of  the  Ridgeley,  Schoharie-Esopus,  and  Palmerton  Formations 
at  West  Bowmans.  Exposure  is  at  road  level  on  the  east  side  of  the  Northeast  Exten- 
sion of  the  Pennsylvania  Turnpike  north  of  Lizard  Creek.  Base  of  section  is  at  approxi- 
mately 40°47'40"  N/75°40'18"  W.  Section  measured  by  W.  D.  Sevon. 


Unit  Lithologic  description 

Palmerton  Formation 
(108.47  feet  thick;  complete) 

50  Sandstone,  coarse-  to  very  coarse  grained,  very  light  gray  (N8),  yellowish-gray 
(5Y8/1)  weathered  color;  numerous  irregularly  shaped  1-  to  2-in. -diameter  masses 
of  brownish-black  (5YR2'1)  material  which  may  be  dead  petroleum;  subangular  to 
subrounded  quartz  grains;  massive;  variable  cementation  by  silica  becomes  weaker 
upwards;  irregular  but  sharp  upper  contact. 

49  Sandstone,  coarse-  to  very  coarse  grained,  white;  weathers  to  yellowish  gray 
(5Y8'1);  some  to  34-iP--diameter  masses  of  brownish-black  (5YR2/1)  material 
which  may  be  dead  petroleum;  subangular  to  subrounded  quartz  grains;  some  clay 
matrix;  moderate  sorting;  gradational  upper  contact. 

48  Sandstone,  coarse-  to  very  coarse  grained,  light-gray  (N7);  weathers  yellowish  gray 
{5Y8  1) ; subangular  to  subrounded  quartz  grains;  10  percent  clay  matrix;  rounded 
quartz  pebbles  up  to  in  diameter  scattered  throughout  lower  4 ft.  and  concen- 

trated into  a laterally  discontinuous  1-in. -thick  conglomerate  at  2ft. above  the  base; 
moderately  indurated;  gradational  upper  contact. 

47  Conglomerate,  light-gray  (N7)  to  medium-light-gray  (N6);  \i~  to  J^-in. -diameter 
rounded  quartz  pebbles  comprise  25  percent  of  rock;  matrix  is  medium-  to  very 
coarse  grained  quartz  sand;  scattered  J^.i-in. -diameter  pyrite  nodules;  quartzitic; 
4-  to  6-in. -thick  zone  at  base  has  elongate  holes  left  by  weathering  of  brachiopod 
shells  or  shale  chips;  abruptly  gradational  upper  contact. 

46  Sandstone,  very  coarse  grained  quartz  grains  in  matrix  of  silt  to  very  fine  grained 
sand  which  comprises  25  to  40  percent  of  the  rock,  some  iron  cement,  medium-light- 
gray  (N6)  with  dark-y€*llowish-orange  (10YR6/6)  weathered  color;  few  scattered 
subrounded  quartz  pebbles  up  to  in.  in  diameter;  rare  j/^-in. -diameter  pyrite 
nodules;  quartzitic;  sharp  upper  contact. 

45  Sandstone,  coarse-grained,  medium-light-gray  (N6);  few  scattered  very  coarse 
grained  grains;  rare  pebbles  up  to  diameter;  10  to  20  percent  matrix  of  silt  to 

very  fine  grained  sand:  quartzitic;  some  grayish-orange  (10YR7/4)  weathered  color; 
some  grayish-red  (10R4/2)  iron  stain  along  joints  and  bedding  planes;  gradational 
upper  contact. 


Thickness 
{in  feet) 


2.0 

3.67 

16.0 

3.0 

11.0 

17.5 


APPENDIX  II 


401 


Unit  Litholvijic  description 

44  Sandstone,  very  coarse  grained;  10  percent  clay  matrix;  scattered  pebbles  up  to 

in.  in  diameter  in  upper  half  becoming  more  concentrated  towards  top;  subangular 
to  subrounded  quartz  grains;  poorly  indurated;  gradational  upper  contact. 

43  Sandstone,  very  coarse  grained,  white;  subangular  to  subrounded  quartz  grains;  rare 
rounded  quartz  pebbles  up  to  U in.  in  diameter;  5 to  H)  percent  clay  matrix;  some 
grayish-orange  {10YR7  4)  weathered  color;  moderate  to  good  induration;  grada- 
tional upper  contact. 

42  Sandstone,  coarse-grained,  white;  few  very  coarse  grains;  10  percent  clay  matrix; 
dusky-red  (5R3  4)  iron-cemented  bands  weather  dark-reddish  brown  (10R3  4); 
stylolites;  gradational  upper  contact. 

41  Sandstone,  coarse-  to  very  coarse  grained,  white;  10  percent  clay  and  silt  matrix; 
some  dusky-red  (5R3  4)  iron  cement  in  matrix  weathers  moderate-yellowish  brown 
(10YR5  4);  moderate  induration;  gradational  upper  contact. 

40  Sandstone,  very  coarse  grained,  white;  5 percent  clay  matrix;  grayish-orange 
(10YR7  4)  weathered  color;  some  dusky-red  t5R3  4)  iron  cement ; moderate  indura- 
tion; sharp  upper  contact  marked  by  iron-cemented  band  and  knobbly  surface. 

39  Sandstone,  coarse-grained,  w’hite;  some  very  coarse  grains;  25  percent  clay  matrix; 
subangular  to  subrounded  quartz  grains;  well  indurated;  sharp  upper  contact. 

38  Siltstone,  medium-  to  coarse-grained,  very  light  gray  (N8);  some  very  fine  grained 
and  rare  very  coarse  grained  quartz  grains;  some  grayish-red-purple  (5RP4  2)  iron 
stain  along  fractures;  quartzitic;  sharp  upper  contact. 

37  Sandstone,  50  percent  very  well  sorted  subangular  to  rounded  coarse-grained  quartz 
grains  floating  in  matrix  of  silt,  white;  quartzitic;  some  dusky-red  (5R3  4)  iron  stain; 
sharp  upper  contact. 

36  Siltstone,  coarse-grained  silt  to  very  fine  grained  sand,  very  light  gray  (N8);  few 
very  coarse  grained  quartz  grains;  some  grayish-orange  {10YR7  4)  iron  stain; 
quartzitic;  some  be^dding-plane  alignment  of  larger  grains  in  lower  5 in.;  sharp 
upper  contact. 

35  Sandstone,  coarse-  to  very  coarse  grained,  w'hite;  5 percent  clay  matrix;  moderate 
induration;  sharp  upper  contact. 

Schoharie-Esnpus  Formation 

(43.66  feet  thick;  complete) 

34  Siltstone,  medium-grained,  light-gray  (N7)  with  yellowish-gray  (5Y8  1)  stain,  hard, 
uniform;  lower  2.]/^  ft.  fossiliferous  with  Spirifer  valve  molds  in  di.scontinuous 
planes;  sharp  upper  contact. 

33  Shale,  no  fresh  material;  weathers  to  light-gray  clay. 

32  Siltstone,  fine-  to  medium-grained,  light-gray  (N7);  moderate-yellowish-brown 
(10YR5  4)  weathered  stain;  quartzitic;  highly  fractured;  brachiopod  molds  com- 
mon throughout;  sharp  contacts. 

31  Shale,  as  unit  33. 

30  Siltstone,  very  fine  grained,  light-gray  (N7),  quartzitic;  becomes  chertlike  in  upper 
half;  sharp  contacts. 

29  Shale,  silty,  light-olive-gray  (5Y6  1),  platy,  well-indurated;  weathers  to  powdery 
mass;  sharp  contacts. 

28  Siltstone,  very  fine  grained,  light-gray  (N7)  with  moderate-brown  (5YR3  4)  iron 
staining,  chertlike;  irregular  base  with  up  to  2-in.  relief;  sharp  contacts. 

27  Siltstone,  very  fine  grained,  light-gray  (N7),  chertlike,  very  hard,  brittle,  massive; 
sharp  contacts. 

26  Shale,  as  unit  29. 

25  Siltstone,  very  fine  grained,  light-gray  (N7),  hard,  massive;  wavy  internal  structure 
in  upper  half,  chertlike  and  structureless  in  lower  half;  sharp  contacts. 

24  Shale,  as  unit  29. 

23  Siltstone,  chertlike,  light-gray  (N7),  structureless;  sharp  contacts. 

22  Siltstone,  fine-grained,  medium-light-gray  (N6);  weathers  pale-yellowish  brown 
(10YR6  2);  hard;  brittle;  chertlike;  numerous  fractures  normal  to  bedding,  some 
filled  with  quartz;  some  scattered  brachiopod  molds;  sharp  contacts. 

21  Shale,  as  unit  29. 

20  Siltstone,  fine-grained,  medium-light-gray  (N6);  dark  lines  of  medium-dark-gray 
(N4)  color  may  be  organic  matter  concentrations;  sharp  contacts. 

19  Siltstone,  fine-grained,  medium-light-gray  {N6);  dark  organic(?)-rich  lines  of  medi- 
um-dark gray  (N4);  line  pattern  is  parallel  to  bedding;  yellowish-gray  (5Y8  1) 
weathered  color  along  fractures;  brownish-black  (5YR3  1)  iron  stain  in  places;  hard; 
uniform;  sharp  contacts. 

18  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2);  few  very  coarse  grained 
quartz  grains  and  some  mica  flakes;  sharp  upper  contact;  gradational  basal  contact. 

17  Siltstone,  medium-  to  coarse-grained,  medium-dark-gray  ( N4)  to  medium-gray  (N5) ; 
organic-rich  concentrations  in  dark-gray  (N3)  lines  generally  parallel  to  bedding; 
some  structures  resembling  overturned  crossbeds:  some  massive  and  structureless 
intervals;  sharp  basal  contact. 

16  Shale,  as  unit  29. 

15  Siltstone,  similar  to  unit  17,  but  with  more  overt  urned  crossbed  structures;  burrow 
structures  with  light-olive-gray  (5Y6  1)  color;  sharp  parting  contacts. 


Thickness 
{in  feel) 


10.0 


22.0 


13.0 


5.75 


0.67 


0.25 


0 . 67 


0.71 


1.83 

0.42 


4.0 

0.04 


1.33 

0.02 

0.58 

0.17 

0.58 

2.17 

0.08 


0.75 
0.08 
0 . 5 


2.0 

0.08 


0.67 


2.42 


0.83 


3.33 
0 . 04 


5.33 
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Unit 

14 


13 


12 


11 


Lithologic  description 

Siltstone,  similar  to  unit  15,  with  well-developed  overturned  crossbed  structures  in 
H-  to  l^-in. -thick  laminae;  crossbeds  have  tangential  bases  and  truncated  tops; 
sharp  parting  contacts. 

Siltstone,  similar  to  unit  14;  crossbeds  show  well-developed  overturning  in  opposite 
directions  in  succeeding  laminae;  sharp  parting  contacts. 

Siltstone,  a sequence  of  alternating  massive  and  shaly  siltstone  units;  typical 
massive  unit  is  medium  to  coarse  grained,  medium  gray  {N5)  to  medium-dark  gray 
(N4)  with  fine  dark-gray  (N3)  lines  delineating  overturned  crossbed  structure; 
opposite  directions  of  overturning  on  succeeding  laminae;  laminae  to  in.  thick; 
nearly  complete  scour  of  some  laminae,  4^-in.  average  thickness;  typical  shaly  unit 
is  medium  grained,  olive  gray  (5Y4  ^1),  mottled  with  dark  gray  (N3) ; massive  platy 
disintegration  is  more  rapid  than  massive  interbed,  2-in.  average  thickness;  both  units 
become  thinner  and  more  shaly  towards  base. 

Shale,  silty,  medium-gray  (N5) ; weathers  to  near  dusky  yellow  (5Y6/4)  and  yellowish 
gray  (5Y8  1)  but  surface  of  crop  appears  white;  weakly  indurated;  disintegration 
to  platy  mass,  then  to  clayey  mass;  gradational  upper  contact;  sharp  basal  contact. 

Hidgeley  Formation 
(17.66  feet  thick;  complete?) 

10  Conglomerate,  50  percent  2-mm-  to  ^-in.-diameter  white  quartz  pebbles,  fine-  to 
mtdium-grained  sand  matrix;  iron  cement;  grayish-red-purple  (5RP4/2)  to  grayish- 
red  (5R4/2);  hard;  becomes  dominantly  sandstone  in  uppermost  1 in.;  iron  concen- 
tration decreases  downward;  gradational  lower  contact. 

Conglomerate,  25  percent  2-mm-  to  ^-in. -diameter  white  quartz  pebbles,  fine-  to 
medium-grained  quartz  sand  matrix,  5 percent  clay  matrix;  brownish-black 
(5YR2/1)  iron  stain;  rare  pebbles  up  to  Y diameter;  planes  of  aligned 

brachiopod  valve  molds  at  11^  and  3^  ft.  above  base,  valves  oriented  convexly 
upward;  slight  upward  decrease  in  pebble  size  and  quantity;  basal  few  in.  may  have 
up  to  75  percent  pebbles;  gradational  lower  contact. 

Conglomerate,  50  to  75  percent  to  ^-in. -diameter  quartz  pebbles,  medium-  to 
coarse-grained  sand  matrix,  some  clay,  white,  weakly  indurated;  gradational  lower 
contact. 

Sandstone,  fine-  to  medium-grained,  white  with  grayish-orange  weathered  tint,  well- 
sorted,  structurele.ss;  moderate  induration;  gradational  contacts. 

Sandstone,  25  to  40  percent  very  coarse  grained  quartz  grains  floating  in  fine- 
grained sand  matrix,  white  with  grayish-orange  (10YR8  '4)  weathered  tint;  grada- 
tional contacts. 

Sandstone,  as  unit  7. 

Sandstone,  as  unit  6,  with  planes  of  brachiopod  valve  molds  oriented  convexly 
upward  at  base  and  1 ft.  2 in.  above  base. 

Sandstone,  50  percent  very  coarse  grained  quartz  grains,  medium-grained  sand 
matrix,  white  with  grayish-orange  (10YR8/4)  weathered  tint;  scattered  brachiopod 
valve  molds  oriented  convexly  upward;  gradational  contacts. 

Sandstone,  fine-grained,  white;  weathers  grayish-orange  (10YR8/4);  well  sorted; 
structureless:  moderately  indurated. 

Sandstone,  coar.se-  to  very  coarsegrained  with  ^ h-  to  J^-in. -diameter  quartz  pebbles 
at  top,  some  clay,  white  with  grayish-orange  {10YR8/4-6/4)  weathered  tint;  weak 
to  moderate  induration.  Base  of  section. 


9 


3 


1 


Total 


SECTION  6 

BUTTERMILK  FALLS  LIMESTONE 


Thickness 
(in  feet) 


2.0 

2.83 


10.0 


3.0 


0.42 


4.0 

1.17 

1.08 

1.33 

0.33 

2.0 

3.25 

1.25 

2.83 


168.96 


Described  section  of  the  Buttermilk  Falls  Limestone  at  West  Bowmans.  Exposure 
is  along  first  terrace  on  east  side  of  Northeast  Extension  of  the  Pennsylvania  Turnpike 
about  800  feet  south  of  Pa.  Route  895.  Rock  material  is  highly  weathered  and  it  is 
doubtful  whether  any  of  the  lithologies  described  represent  fresh  rock  material.  Base 
of  the  section  is  approximately  at  40°47'43"  N/75°40'19"  W.  Section  measured  by 
W.  D.  Sevon. 


Unit  Lithologic  description 

Marcellus  Formation 
(incomplete) 

105  Shale,  clay,  black,  massive;  disintegrates  into  fissile  plates. 


Thickness 
(in  feet) 


several 

hundred 
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Thickness 

Unit  Lithologic  description  {in  feet) 

104  Tioga  bentonite,  medium-dark-gray  (N4);  medium-  to  coarse-grained  mica  Hakes 
occur  but  are  not  abundant;  numerous  pyrite  nodules  up  to  1 mm  in  diameter: 
silvery  appearance  imparted  by  mica;  sharp  contacts.  0.06 

103  Clay  ironstone,  blackish-red  (5R2  2)  to  brownish,  irregularly  bedded;  sharp  con- 
tacts. 0.06 

102  Tioga  bentonite,  medium-dark-gray  (N4)  clay  with  medium-grained  or  finer  mica 
Hakes;  numerous  pyrite  nodules  up  to  1 mm  in  diameter;  silvery  appearance  im- 
parted by  mica;  sharp  contacts.  0.06 

101  Clay  ironstone,  blackish-red  (5K2  2)  to  brownish,  irregularly  bedded;  sharp  contacts.  0.17 

100  Tioga  bentonite,  medium-dark-gray  {N4);  medium-  to  coarse-grained  mica  Hakes 
abundant  in  clay;  numerous  pyrite  nodules  up  to  1 mm  in  diameter;  silvery  appear- 
ance imparted  by  mica:  sharp  contacts.  0. 17 

99  Clay  ironstone,  blackish-red  (5R2  2)  to  brownish,  irregularly  bedded;  gradational 

lower  contact.  0.06 

98  Shale,  clay,  black,  weak:  gradational  contacts.  0.08 

97  Shale,  clay,  moderate-brown  (5YR3  4),  weak;  gradational  contacts.  0.04 

96  Shale,  clay,  black,  weak:  gradational  contacts.  0.17 

95  Shale,  silty,  black,  fossiliferous,  massive,  hard;  gradational  upper  contact;  sharp 

lower  contact.  0.5 


Buttermilk  Falls  Limestone 
(40.26  feet  thick;  complete) 

94  Siltstone,  fine-  to  medium-grained,  light-gray  (N7)  to  very  light  gray  (N8),  hard. 


sparsely  tossiliferous,  massive;  sharp  lower  contact.  1.0 

93  Shale,  clay,  black;  thin  parting  with  sharp  contacts.  0.01 

92  Siltstone,  as  unit  94;  sharp  contacts.  0.23 

91  Shale,  silty  clay,  light-gray  (N7);  parting  with  sharp  contacts.  0.01 

90  Siltstone,  as  unit  94;  sharp  contacts.  0.23 

89  Shale,  silty  clay,  light-gray  (N7);  sharp  contacts,  parting.  0.01 

88  Siltstone,  as  unit  94;  sharp  contacts.  0.75 

87  Clay,  light-brown  {5YR5/6),  laminated;  abrupt  upper  gradational  contact;  sharp 

lower  contact.  0.08 

86  Siltstone,  fine-to  medium-grained,  light-gray  (N7)  to  very  light  gray  (N8),  hard, 
sparsely  fossiliferous,  massive,  considerably  iron  stained  in  basal  2 in.;  sharp  con- 
tacts. 1 . 42 

85  Siltstone,  fine-grained,  near  moderate-yellow  (5Y7/6),  very  leached,  very  fossilif- 
erous; sharp  contacts.  0.33 

84  Siltstone,  fine-grained,  light-gray  (N7);  iron  staining  parallel  to  laminae  is  grayish 
orange  (10YR7  4);  sparsely  fossiliferous;  massive  blocks  up  to  6 in.  thick;  grada- 
tional lower  contact.  2.33 

83  Siltstone,  fine-grained,  very  light  gray  (N8),  iron-stained  to  light  brown  (5YR5/6); 
lateral  variation  from  sparsely  to  abundantly  fossiliferous;  highly  leached;  grada- 
tional lower  contact.  0.83 

82  Clay,  silty,  moderate-brown  (5YR5/6),  soft,  flaky;  sharp  lower  contact.  0.08 

81  Siltstone,  fine-grained,  very  light  gray  (N8),  with  light-brown  (5YR5' 6)  iron  stain, 
massive,  blocky;  abundant  molds  of  brachiopod  valves  and  some  other  unidentified 
fossils;  some  siliceous  shell  material;  sharp  contacts.  0.67 

80  Chert,  black,  highly  fractured;  sharp  contacts.  0. 19 

79  Siltstone,  as  unit  81;  sharp  contacts.  0.33 

78  Chert,  black,  highly  fractured;  sharp  contacts.  0.10 

77  Siltstone,  fine-grained  in  lower  half  to  very  fine  grained  in  upper  half,  very  light  gray 
(N8) ; light-brown  ( 5YR5/  6)  iron  stain  and  some  tendency  for  overall  pale-yellowish- 
brown  tlOYR6  2)  weathered  color  in  upper  half;  gradational  lower  contact.  3.08 

76  Siltstone,  fine-grained,  light-olive-gray  (5Y5  2),  hard,  highly  leached  and  porous; 

sharp  lower  contact.  1.42 

75  Silt,  ocher  (golden-orange;  color  not  on  chart),  very  fine  grained  to  fine-grained; 
disintegrates  into  very  soft  mass;  may  contain  some  fossil  material  and  some  leached 
chert;  gradational  lower  contact.  0.25 

74  Siltstone,  fine-grained,  light-olive-gray  {5Y5/2),  hard,  highly  leached  and  porous; 

sharp  lower  contact.  0.17 

73  Shale,  clay,  black;  platy  pieces  on  breakup:  weathers  to  various  light-gray  shades; 

some  laminae  parallel  to  bedding:  gradational  lower  contact.  0.75 

72  Siltstone,  fine-grained,  dark-yellowish-orange  (10YR6,  6)  to  light-brown  ^5YR5,  6), 
hard,  porous,  probably  highly  leached  limestone:  gradational  lower  contact  — may  be 
same  as  underlying  unit.  0.58 

71  Siltstone,  fine-grained,  in  part  nearly  a clay,  dark-yellowish-orange  (10YR6  6)  to 
pale-red  (5R6  2),  probably  deeply  leached  limestone,  massive,  structureless:  some 
harder  layers  suggest  gray  original  color;  sharp  lower  contact.  4.33 

70  Siltstone,  medium-grained,  dark-yellowish-orange  (10YR6  6),  massive,  fairly  hard, 

probably  leached  limestone;  scattered  fossils;  sharp  lower  contact.  0.5 

69  Siltstone,  fine-grained,  pale-red  (10R7,  2),  hard;  some  mica  Hakes;  platy  disintegra- 
tion ; fossils  scattered  sparsely  throughout ; gradational  lower  contact.  0.37 
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Thickness 

Unit  Lithologic  description  {in  feet) 

68  Shale,  clay,  dark-gray  (N3);  weathers  to  mottled  lighter  shades  of  gray;  some  iron 

concentration  in  seams  along  parting;  abruptly  gradational  lower  contact.  0.25 

67  Clay  ironstone,  grayish-red  f5R4/  2) ; some  fissility  on  breakup;  sharp  lower  contact.  0. 17 

66  Siltstone,  very  fine  grained,  near  dark-yellowish-orange  ( 10YR6/6) ; some  moderate- 
reddish-brown  (10R4  6)  iron  stain  in  center  and  upper  2 in.;  massive;  blocky;  prob- 
ably k*ached  lim£*stone;  gradational  lower  contact.  2.33 

65  Clay,  between  light-brown  (5YR5/6)  and  dark-yellowish-orange  (10YR6/6); 

abruptly  gradational  lower  contact.  0.21 

64  Silt,  very  fine  to  fine-grained,  moderate-reddish-brown  (10R4  6)  at  base  and  top 
1 in.  is  gradational  into  central  golden-orange  color  near  dark-yellowish  orange 
(10YR6  6);  fossil  molds  scattered  throughout;  sharp  lower  contact.  0.62 

63  Clay,  near  pale-yellowish-brown  (10YR6/2);  weathers  to  grayish  orange  (10YR9/4) 
in  thin  plates;  fresher  material  is  massive  and  seems  to  have  very  fine  grained  mica 
Hakes;  has  soapy  feel;  has  few  scattered  fossils  and  mottled  weathered  color;  grada- 
tional lower  contact.  0.62 

62  Clay,  highly  micaceous  with  fine-  to  medium-grained  mica  Hakes;  dark-yellowish 
orange  (10YR6'6)  weathers  to  pale-yellowish  orange  (10YR9/6);  sharp  lower  con- 
tact. 0.25 

61  Clay,  dark-yellowish-orange  (10YR6/6);  thickens  and  thins  laterally;  highly 

micaceous  with  medium-grained  mica  Hakes;  weathers  to  pale-yellowish  orange 
(10YR9  6);  contains  some  black  iron  concentration  in  planes  parallel  to  bedding; 
sharp  lower  contact.  0.12 

60  Clay  ironstone,  black  with  metallic  sheen;  hard  material  has  abundant  pores  and 

irregularities  causing  it  to  break  down  readily;  sharp  lower  contact.  0.08 

59  Siltstone,  fine-grained,  grayish-red  (5R4/2),  hard,  blocky;  sharp  lower  contact.  0.12 

58  Chert,  black;  leached  margins;  sharp  contacts.  0.12 

57  Silt,  very  fine  grained  to  fine-grained;  color  varies  from  moderate  yellowish  brown 
(10YR5  4)  to  near  white;  some  mottling  of  grayish  orange  (10YR7/4)  and  mod- 
erate brown  (5YR4  4)  with  suggestion  that  fresher  material  is  light  gray  (N7)  or 
darker;  hard;  porous;  iron  stain  near  moderate-reddish  brown  (10R4/6);  fossil 
molds  in  upper  part;  sharp  contacts.  0.62 

56  Clay,  black;  may  be  iron  rich;  sharp  contacts.  0.02 

55  Silt,  fine-grained  to  very  fine  grained,  near  moderate-brown  (5YR4/4)  with  central 

in.  leached  to  near  very  pale  orange  (10YR8'2);  sharp  contacts.  0.17 

54  Chert,  black:  may  be  laterally  discontinuous;  sharp  contacts.  0.12 

53  Clay,  near  moderate-yellowish-brown  (10YR5  4);  gradational  lower  contact.  0.21 

52  Clay,  grayish-red  (5R4  2);  parallel  laminae;  abrupt  gradational  lower  contact.  0.04 

51  Clay,  near  yellowish-orange  (10YR5/5);  abundant  fossil  molds  of  brachiopods, 
corals,  crinoid  columnals;  rare  siliceous  shells:  molds  are  stained  grayish  black  (N2) 
by  iron;  gradational  lower  contact.  0.75 

50  Clay,  silty,  near  light-brown  (5YR5  '6)  at  base,  becomes  slightly  lighter  upwards; 

parallel  laminae;  gradational  lower  contact.  0.17 

49  Silt,  very  fine  to  fine-grained;  base  and  top  are  moderate-yellowish  brown  (10YR5/4) ; 
center  2 in.  is  near  grayish-yellow  (5Y8/4)  with  grayish-black  (N2)  spots  up  to 
^ in.  in  diameter;  sharp  lower  contact.  0.42 

48  Clay,  grayish-red  (5R4'^2);  sharp  contacts.  0.02 

47  Limestone,  completely  leached  leaving  moderate-brown  (5YR4/4)  pithy  material 

with  3 black  chert  layers;  sharp  contacts.  0.33 

46  Shale,  clay,  medium-dark-gray  (N4);  weathers  to  grayish  orange  (10YR8/4);  mas- 
sive; blocky;  disintegrates  into  ^ to  H pieces;  fossil  material  scattered  through- 
out; gradational  lower  contact.  0.46 

45  Clay,  near  moderate-brown  {5YR4/4);  some  fossil  material;  distinct  parallel 

laminae;  gradational  lower  contact.  0.5 

44  Clay,  between  grayish-orange  (10YR7/4)  and  moderate-yellowish-brown  (10YR5/4) 
with  black  iron  stain  on  some  laminae  surfaces;  fossil  material  parallel  to  laminae; 
slightly  indurated  in  upper  half;  gradational  lower  contact.  0.92 

43  Clay,  grades  upward  from  grayish  orange  (10YR7/4)  at  base  to  dark-yellowish 

orange  {10YR6  6);  parallel  laminae;  gradational  lower  contact.  0.37 

42  Clay,  moderate-brown  (5YR3  4);  parallel  laminae;  gradational  lower  contact.  0.12 

41  Clay,  near  pale-yellowish-brown  (10YR6''2);  fossil  material  parallel  to  laminae; 

sharp  lower  contact.  0.31 

40  Clay,  light-brown  (5YR5/6) ; sharp  contacts.  0.02 

39  Clay,  color  varies  from  dusky  yellow  (5Y6.4)  to  light  brown  (5YR6'4)  and  very 

pale  orange  (10YR8  2);  sharp  lower  contact.  0.46 

38  Clay,  dark-gray  (N3)  to  grayish-black  (N2):  weathers  to  various  shades  of  olive 
with  black  iron  coatings  on  some  surfaces;  fossil  material;  parallel  laminae;  grada- 
tional lower  contact.  0.08 

37  Clay,  various  shades  of  yellowish-brown  and  olive;  abundant  fossil  material  which  is 

mainly  broken  debris;  parallel  laminae;  sharp  lower  contact.  0.58 

36  Clay,  dark-gray  (N3)  to  grayish-black  (N2) ; weathers  to  various  shades  of  olive; 

some  black  iron  stain  on  parallel-laminae  surfaces;  gradational  lower  contact.  0. 17 

35  Clay,  moderate-brown  (5YR3  4);  suggestion  of  parallel  laminae;  sharp  lower  con- 
tact. 0.33 


APPENDIX  II 


Unit  Lithologic  description 

34  Limestone,  medium-dark-gray  (N4),  massive,  hard,  structureless;  smooth  fracture; 
margins  are  leached  and  show  brownish  color  as  well  as  presence  of  brachiopods, 
corals,  and  crinoid  oolumnals;  sharp  lower  contact. 

33  Shale,  calcareous,  medium-dark-gray  (N4),  blocky;  contains  brachiopods,  crinoid 
oolumnals,  and  trails  (?);  gradational  lower  contact. 

32  Shale,  calcareous,  medium-dark-gray  (N4);  scattered  brachiopod  valve  molds; 
fissile  at  base  becoming  more  blocky  upwards;  sharp  lower  contact. 

31  Shale,  dark-gray  (N3)  in  part  but  mostly  medium-dark  gray  {N4)  with  definite  bluish 
color  which  is  nearest  to  grayish  blue  (5BP4  2) ; breaks  up  into  hackly  pieces  at  first 
and  rapidly  disintegrates  into  a clay  mass;  uniform  throughout;  massive;  structure- 
less; sharp  lower  contact. 

Hazard  paint  ore 

30  Clay  ironstone,  grayish-red  (5114  2),  hard,  resistant  unit;  some  fissility  evident 
during  breakdown;  sparsely  scattered  or  less  nodules  of  iron  (?):  gradational 

lower  contact. 

29  Shale,  black,  massive,  weak;  breaks  up  into  plates  and  weathers  to  light-gray  shades; 
gradational  lower  contact. 

28  Clay  ironstone,  as  unit  30;  gradational  lower  contact. 

Lower  shale  member 

27  Shale,  black,  massive,  blocky,  hard:  weathers  to  lighter  shades  of  gray  initially,  then 
to  olive  shades;  some  platy  pieces  are  moderate-yellowish  brown  (10YR5/4) ; grada- 
tional lower  contact. 

26  Shale,  as  unit  31;  gradational  lower  contact. 

25  Shale,  as  unit  31  but  with  some  moderate-yellowish-brown  (10YR5  4)  weathered 
color;  gradational  lower  contact. 

24  Shale,  as  unit  31;  gradational  lower  contact. 

23  Shale,  grayish-black  (N2);  weathers  to  near  dusky-yellow  (5Y6/4)  and  has  con- 
siderable dark-yellowish-brown  (10YR4/2)  iron-stained  material;  breaks  up  into 
hackly  pieces;  some  suggestion  of  parallel  laminae;  sharp  lower  contact. 

22  Claystone,  near  olive-gray  (5Y4  1) ; weathers  to  near  dusky-yellow  (5Y6/4) ; blocky 
nature;  suggestion  of  parallel  laminae;  gradational  lower  contact. 

21  Shale,  as  unit  31;  abruptly  gradational  lower  contact. 

20  Shale,  between  moderate-brown  {5YR4 /4)  and  moderate-yellowish-brown  (10YR5  /4) 
with  dusky-red  (5R3/4)  spots;  slight  fissility;  gradational  lower  contact. 

19  Claystone,  dark-yellowish-brown  (10YR4/2);  weathers  to  moderate-yellowish 
brown  (10YR5''4);  hard;  sharply  gradational  lower  contact. 

18  Clay,  between  moderate-red  (5R4/6)  and  dusky-red  (5R3  4)  with  irregular  mottles 
of  medium-light  gray  (N6);  sharp  lower  contact. 

17  Clay,  near  dusky-brown  (5YR4/6),  iron-cemented,  hard;  sharp  lower  contact. 

16  Clay,  dark-yellowish-orange  (10YR6/6)  and  light-gray  (N7)  mixed;  suggestion  of 
parallel  laminae;  sharp  lower  contact. 

15  Clay,  as  unit  17;  sharp  lower  contact. 

14  Clay,  as  unit  16;  sharp  lower  contact. 

13  Clay,  between  moderate-red  (5R4/6)  and  moderate-reddish-brown  (10R4/6); 
weathers  to  lighter  shades  of  reddish  orange;  sharp  lower  contact. 

12  Shale,  moderate-brown  (5YR4/4)  to  grayish-red  (5R4/2),  iron-cemented,  hard; 
suggestion  of  parallel  laminae;  gradational  lower  contact. 

11  Shale,  originally  near  medium-gray  (N5),  now  weathered  to  dark-yellowish  orange 
(10YR6/6);  gradational  lower  contact. 

10  Clay,  between  grayish-orange  (10YR7/4)  and  dark-yellowish-orange  (10YR6/6) 
with  irregular  thin  layers  of  medium-gray  (N5);  1 to  5 percent  rounded  coarse- 
grained quartz  grains  scattered  throughout;  probably  a more  weathered  part  of 
unit  11;  abrupt  lower  contact. 

9 Clay,  dusky-red  (5R3/4);  weathers  from  light  brown  (5YR5,  6)  to  dark-yellowish 
orange  (10YR6/6);  contains  25  to  40  percent  rounded  coarse-grained  quartz  grains 
floating  in  clay;  gradational  lower  contact. 

8 Clay,  dusky-red  (5R3  4);  about  50  percent  coarse-grained  quartz  grains  floating  in 
clay;  very  soft;  gradational  lower  contact. 

Palmerton  Formation 
(3.39  feet  thick;  incomplete) 

7 Sandstone,  coarse-grained  to  very  coarse  grained,  some  pebbles  to  M in.  in  diameter, 
iron-stained  to  dark-yellowish  orange  (10YR6/6);  pebbles  rounded;  rare  spots  of 
black  material  (dead  petroleum?);  abruptly  gradational  lower  contact. 

6 Sandstone,  coarse-grained  to  very  coarse  grained,  grayish-red  (5R4/2),  iron- 
cemented,  laterally  discontinuous;  abruptly  gradational  lower  contact. 

5 Sandstone,  coarse-grained  to  very  coarse  grained,  dark-yellowish-orange  (10YR6/6) ; 
scattered  pebbles  of  rounded  quartz  up  to  in.  in  diameter,  gradational  lower 
contact. 

4 Sandstone,  as  unit  6;  gradational  lower  contact. 
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(in  feet) 

0.25 

0.33 

0.42 

0.75 

0.46 

0.54 

0.58 
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0.67 

0.21 
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0.33 

0.08 
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0.02 

0.04 

0.02 

0.12 
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0.17 

0.08 


0.83 

0.02 
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Unit  Lithologic  description 

3 Sandstone,  coarse-grained  to  very  coarse  grained:  light  color  tinted  yellowish  by 
iron  stain;  scattered  spots  of  black  material  (dead  petroleum?)  are  to  ^ in.  in 
diameter  at  base  and  increase  to  3 to  4 in.  in  diameter  at  top  where  they  form  an 
almost  solid  black  mass;  weakly  indurated;  forms  recess;  gradational  lower  contact. 

2 Sandstone,  coarse-grained  to  very  coarse  grained;  few  scattered  to  J^-in.- 
diameter  masses  of  black  material  (dead  petroleum?);  very  poorly  indurated  zone 
weathers  to  form  recess;  light  color  is  stained  yellowish  by  iron;  gradational  lower 
contact. 

1 Sandstone,  coarse-grained  to  very  coarse  grained,  white,  weakly  indurated,  some 
yellowish  iron  stain;  top  of  indurated  zone  of  the  Palmerton.  Base  of  described 
section. 


Thickness 
(in  feet) 


0.75 


1.08 


Total  45.02 


SECTION  7 

MAHANTANGO  FORMATION 

Described  section  through  the  Mahantango  Formation  north  of  Weissport.  Section 
occurs  along  the  east  side  of  the  old  Lehigh  Canal.  The  section  ends  at  the  south 
end  of  a gully  containing  sanitary  landfill  and  continues  south  to  the  center  of  the 
Lehighton  anticline.  Beds  are  nearly  vertical  throughout.  Base  of  section  is  approxi- 
mately at  40°  50'  18"  N/70°42'12"  W.  Section  measured  by  W.  D.  Seven. 


Thickness 

Unit  Lithologic  description  (in  feet) 

Mahantango  Formation 


(1,552-1,952  feet  thick;  complete) 

Tutty  fossil  zone 
(8  feet  thick;  complete?) 

33  Shale,  dark-gray  (N3),  calcareous,  fossiliferous,  containing  brachiopod  valves  and 
crinoid  columnals;  no  cleavage;  upper  contact  lost  in  cover;  lower  contact  grada- 
tional. Base  of  Tully  fossil  zone.  8.0 

32  Shale,  dark-gray  (N3);  prominent  cleavage;  occasional  crinoid  columnals;  some 

bedding  traces;  gradational  lower  contact.  3.0 

31  Shale,  dark-gray  (N3)  to  grayish-black  (N2);  prominent  cleavage;  hard;  spherical 

nodules  up  to  IH  in  diameter  in  upper  10  ft.  are  aligned  along  bedding.  40.0 

30  Shale,  etched  outcrop  shows  parallel  laminations  and  irregular  wavy  laminations 
occurring  as  thin  (^  ig-to  J/^-in.-thick  fine-grained  siltstone)  beds;  intense  minute 
fracturing  parallel  to  cleavage;  some  thin  beds  up  to  H m.  thick  which  are  more 
resistant  to  weathering  are  numerous  and  are  2 to  3 in.  apart.  12.0 

29  Shale,  dark-gray  (N3)  to  grayish-black  (N2).  130.0 


Nis  Hollow  siltstone 

(14  feet,  2 inches  thick;  complete) 

28  Siltstone,  coarse-grained  to  very  coarse  grained  alternating  with  medium-grained 
siltstone.  Detailed  sequence  as  follows: 

0'  7"  Siltstone,  very  coarse  grained,  poorly  defined  bed;  some  animal  burrow 

structure. 

A'  0"  Siltstone,  medium-grained;  may  have  some  intermixed  coarser  material. 
0'  8"  Siltstone,  very  coarse  grained,  well-defined;  some  parallel  laminae  at 

top;  rusty  weathered  color;  blocky  sharp  contacts. 

0'  3"  Siltstone,  medium-grained. 

0'  8"  Siltstone,  coarse  to  very  coarse  grained,  well-defined  band;  upper  contact 

sharp;  gradational  lower  contact. 

2'  6"  Siltstone,  medium-grained;  sharp  lower  contact. 

0'  5"  Siltstone,  very  coarse  grained;  gradational  lower  contact. 

0'  b"  Siltstone,  medium-grained. 

0'  6"  Siltstone,  very  coarse  grained;  bed  not  well  defined. 

0'  5"  Siltstone,  medium-grained;  sharp  lower  contact. 

1'  3"  Siltstone,  very  coarse  grained,  massive;  blocky  thickness  laterally  vari- 

able from  10  in.  to  1 ft.  3 in. 

2'  4"  Siltstone,  medium-grained. 

0'  2"  Siltstone,  very  coarse  grained,  poorly  defined. 


14.2 


APPENDIX  II 


407 


Unit  Litholo(jic  description 

Base  of  Nis  Hollow  siltstone 
27  Shale,  dark-gray  (N3);  prominent  cleavage. 

26  Shale,  dark-gray  (N3),  hard,  well-defined  band. 

25  Shale,  dark-gray  (N3):  prominent  cleavage. 

24  Shale,  dark-gray  (N3),  hard,  well-defined  band. 

23  Shale,  dark-gray  (N3)  to  grayish-black  (N2);  prominent  cleavage;  disintegrates  to 
fine  pencil-like  chips  or  to  thin  flakes. 

22  Covered  interval,  broad  gully. 

Centerfield  fossil  zone 
(40  feet  thick:  complete?) 

21  Shale,  dark-gray  (N3),  calcareous,  fossiliferous;  has  brachiopod  valves,  crinoid 
columnals,  bryozoans,  horn  corals;  upper  contact  probably  not  true  upper  limit  of 
zone. 

20  Shale,  dark-gray  (N3),  calcareous,  nonfossiliferous. 

19  Shale,  as  unit  21. 

Base  of  Centerfield  fossil  zone 
18  Covered  interval. 

17  Shale,  dark-gray  (N3);  prominent  cleavage. 

16  Shale,  dark-gray  (N3);  prominent  cleavage;  hard. 

15  Shale,  dark-gray  (N3);  prominent  cleavage. 

14  Covered  interval,  recessed  gully. 

13  Shale,  dark-gray  (N3);  prominent  cleavage. 

12  Shale,  dark-gray  (N3):  prominent  cleavage;  hard;  conspicuous  outcrop  just  out  into 

canal. 

11  Shale,  dark-gray  (N3);  2 bands  of  concretions  aligned  with  bedding. 

10  Shale,  dark-gray  (N3);  prominent  cleavage. 

9 Covered  interval,  gully. 

8 Covered  interval,  rhododendron-covered  slope;  float  shows  no  change  from  unit  10. 

Little  Gap  fossil  zone 
(20  feet  thick;  complete) 

7 Shale,  medium-dark-gray  (N4)  to  dark-gray  {N3),  calcareous;  crinoid  columnals, 
brachiopod  valves,  trilobites,  bedding  obvious. 

Base  of  Little  Gap  fossil  zone 

6 Shale,  dark-gray  (N3);  contains  several  bands  of  discoidal  concretions  up  to  1 in. 
thick  and  3 in.  in  diameter  spaced  at  6-in.  to  1-in.  intervals. 

Mahantan(}o-Marcellus  Formations 
(400  feet  thick;  transition) 

5 Shale,  dark-gray  (N3)  to  grayish-black  (N2);  prominent  cleavage;  partial  cover  and 
partial  outcrop. 

Marcellus  Formation 
(800  feet  thick;  incomplete) 

4 Shale,  as  unit  5 (?';  gully  recess  with  partial  outcrop. 

3 Shale,  grayish-black  (N2);  prominent  cleavage;  cross  small  stream  30  ft.  below  top. 

2 Shale,  clayey,  grayish-black  (N2)  to  black  (Nl) ; some  silt  in  upper  part;  base  of  unit 

is  center  of  canal  crossover. 

1 Shale,  clayey,  black  (Nl);  abundant  iron  staining;  extensively  crushed;  measure- 
ment stopped  at  point  considered  to  be  axis  of  anticline. 
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SECTION  8 

TRIMMERS  ROCK  FORMATION 


Reference  section  of  the  Trimmers  Rock  Formation,  located  along  the  east  bank 
of  the  Lehigh  River  on  Pa.  Route  248  between  Bowmanstown  and  Parryville  (Figure 
93).  Base  of  section  is  approximately  at  75°40'07"N/40°48T6"W.  Section  measured 
by  J.  D.  Glaeser  and  W.  D.  Sevon. 


Thickness 

Unit  Lithologic  description  iUet) 

95C  Siltstone,  fine-  to  medium-grained,  medium-gray  (N5).  Plant  material  on  bed  sur- 
faces. Loaded  by  overlying  Towamensing  sand.  Undulatory  top  with  6-in.  relief. 

Dirty  siltstone  fines  upward  and  becomes  more  fissile. 
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Thickness 

Unit  Lithologic  description  (feet) 

95B,A  Siltstone,  coarse-  to  fine-grained,  three  graded  beds,  medium-gray  {N5)  to  medium- 
light-gray  (N6).  Top  1 in.  sharp  and  wavy,  bioturbated.  Rest  of  unit  has  yellow 
and  orange  coating  of  relic  carbonaceous  matter.  1 . 0 

94C  Siltstone,  coarse-  and  fine-grained.  Top  transitional  and  mixed.  Interbeds  lack 

ripples.  Three  to  4 in.  of  coarse-grained  siltstone.  3.5 

94B  Siltstone,  coarse-  to  medium-grained,  medium-gray  (N5).  Structureless.  3.4 

94A  Siltstone,  coarse-  and  fine-grained,  medium-gray  (N5),  interlaminated.  Burrow 
mottling  in  thicker  fine-grained  siltstone  and  braided  laterally.  Abundant  massive 
wispy  interbeds  and  interlaminations.  3.5 

93B  Siltstone,  coarse-  to  fine-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Massive.  Top  sharp  and  planar.  Medium-  to  coarse-  grained  siltstone  interbeds 

in.  thick.  3.91 

93A  Siltstone,  coarse-  to  fine-grained,  medium-gray  (N5)  to  dark-gray  (N3).  Two  graded 

beds.  Coarse-grained  siltstone  load  casted  with  parallel  laminations  and  burrows.  3.0 

92  Siltstone,  fine-  and  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5).  - 
Massive  with  2-  to  3 V^-in.  coarse-grained  siltstone  layers  in  upper  half.  Some  burrow- 
ing. Top  sharp  and  loaded  by  unit  93.  4.16 

91B  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Interbedded, 
braided,  lenticular,  and  graded  beds  less  than  1 in.  thick.  Some  burrowing.  Top  has 
sharp  parting  plane.  18.3 

91 A Siltstone,  medium-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Few  coarse-grained  siltstone  interbeds.  Some  graded.  Load  casting  in  lower  2 ft. 
with  long  axes  parallel  to  bedding.  Top  marked  by  increasing  coarse-grained  silt- 
stone; top  sharp  and  burrow  mottled  and  has  abundant  mica.  19.0 

90  Siltstone,  coarse-  to  fine-grained,  dark-gray  (N3)  to  medium-gray  (N5).  Seven  large 
graded  beds.  Massive.  Dominantly  coarse-grained  siltstone  with  occasional  shale- 
chip  horizon  at  base  of  graded  units.  Upper  zones  of  each  bed  rippled  with  lozenges 
of  coarse-  to  medium-grained  siltstone.  Each  base  knife  sharp.  Few  load  casts  in 
coarse-grained  siltstone.  22.0 

89C  Siltstone,  medium-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray 

(N5).  Two  massive  units.  Top  knife  sharp.  4.42 

89B  Siltstone,  coarse-  and  medium-grained,  braided  and  lenticular.  Unit  is  upper  part  of 

graded  bed.  Burrowed.  Sharp  rippled  top  and  bottom.  0.91 

89A  Siltstone,  medium- to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Basal  load  casts  with  up  to  3 ft.  of  relief.  Massive  casts  6 in.  to  6 ft.  long  and  sub- 
parallel to  beds.  6.25 

88  Siltstone,  fine-  to  medium-grained,  medium-dark-gray  (N4).  Homogeneous  with 
lozenge-shaped  medium-grained  siltstone.  Abundant  burrowing  and  other  organic 
activity.  Top  gradational,  loaded.  12.0 

87B  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Load  casts:  8 ft.  in  long  dimension  and  subparallel  to  bedding.  Some  parallel  lami- 
nations in  fine-  and  coarse-grained  siltstone.  Fine-grained  siltstone  present  through 
entire  thickness.  Top  braided  and  is  top  of  load  cast.  7.0 

87A  Siltstone,  fine-  to  medium-grained,  medium-dark-gray  (N4}.  Structureless.  Massive. 

Grades  in  upper  1 ft.  into  87B.  3.5 

86  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Massive.  Four  graded  beds  interlaminated  and  interlayered  in  upper  half.  Some 
wavy  contacts.  Some  burrow  mottling  in  top.  7.0 

85  Siltstone,  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5).  Massive. 

Structured ss  appearance  but  may  be  parallel  laminated.  Top  sharp  and  planar.  2.58 

84C  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4).  Massive.  Three  graded 
beds  in  lower  half.  Upper  half  intermixed,  interlayered,  and  braided  with  coarse- 
grained siltstone  in  dominantly  fine  to  medium  grained  siltstone.  6.0 

84B  Siltstone,  coarse-  to  medium-grained.  Base  has  brachiopods  and  shale  chips.  Mas- 
sive and  braided  with  fine-grained  siltstone.  Crinoid  columnals  in  middle  and  top. 

Mottled  with  sand-sized  micas.  7.3 

84A  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Seven  massive  coarse-grained  siltstone  beds  2 to  4 in.  thick.  Base  of  unit  has  micro- 
crossbeds. Interbeds  with  fine-  to  medium-grained  siltstone  with  stringers,  lenses, 
and  burrows  of  medium-  to  coarse-  grained  siltstone.  Top  rippled.  6.0 

83  Siltstone,  medium-  to  coarse-grained,  dark-gray  {N3).  Massive.  Intermixed  and 
interlaminated  coarse-grained  siltstone.  Some  beds  graded.  All  bioturbated.  Scat- 
tered crinoid  columnals  near  base.  Top  sharp  and  scoured.  10.16 

82  Siltstone.  fine-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Mas- 
sive. Lower  half  dominantly  parallel  laminated  with  paper-thin  fine-  to  medium- 
grained  siltstone.  Upper  half  mixed  fine-  and  coarse-grained  siltstone  with  increasing 
clay  content.  Top  4 in.  burrow  mottled  and  has  plant  imprints.  Top  sharp  and  wav>'.  5.08 

81  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Several  graded  beds.  Top  sharp  and  wavy.  4.58 

80  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3).  Mas- 
sive. Fine-  to  medium-grained  siltstone  interbeds.  Most  beds  planar  with  parallel 
laminations.  Some  lenticular  coarse-grained  siltstone  reworked  by  organisms.  Top 
sharp  and  wavy.  4.0 
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Unit  Lithologic  description 

79  Siltstone,  medium-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  fN4). 

Massive.  Lower  2 ft.  has  several  graded  beds.  Unit  above  is  structureless.  Many 
rippled  contacts.  Upper  half  is  interbedded  medium-  and  coarse-grained  siltstone. 
Top  is  parting  plane. 

78  Siltstone,  medium-  to  coarse-grained,  medium-dark-gray  (N4).  Massive.  No  internal 
structure.  Upper  2 in.  fine-grained  siltstone,  burrow-mottled. 

77  Siltstone,  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Massive. 

Streaks  and  wisps  of  fine-  to  medium-grained  siltstone.  Much  bioturbation.  Some 
brachiopods.  Top  sharp  and  wavy. 

76  Siltstone,  medium-  to  fine-grained,  with  some  coarse-grained,  dark-gray  (N3)  to 
medium-gray  (N5).  Massive.  Interbedded  and  interlaminated.  Beds  wavy,  discon- 
tinuous, and  lenticular.  Burrow  mottling  and  organic  reworking.  Medium-grained 
siltstone  dominant.  Base  has  shell  and  shale  fragments  from  reworked  underlying 
bed.  Some  coarse-grained  siltstone  with  parallel  laminations  and  graded  bedding. 
Top  rippled.  Plants  and  shells  in  upper  4^  ft. 

75E  Siltstone,  coarse-grained,  medium-gray  (N5).  Massive.  Parallel  laminated.  Shells 
at  base.  Top  sharp  and  rippled. 

75D  Siltstone,  medium-  to  fine-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 
Graded. 

75C  Siltstone,  coarse-grained,  medium-gray  (N5).  Massive.  Parallel  laminated.  Base  is 
load  casted. 

75B  Siltstone,  medium-  to  fine-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 
Graded. 

75A  Siltstone,  coarse-grained,  medium-gray  (N5).  Brachiopod  shells  at  base.  Unit  mas- 
sive and  structureless. 

74  Siltstone,  medium-  to  fine-grained,  dark-gray  {N3).  Massive.  Many  graded  beds. 
Some  coarse-grained  siltstone,  parallel-laminated,  with  wavy  ba.ses  and  tops.  Top 
3 ft.  burrow  mottled  with  brachiopod  shells  and  bryozoans.  Top  intermixed  through 
1-in.  zone. 

73  Siltstone,  fine-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Top 
is  parting  plane.  Massive  graded  bed  in  top  1 ft.  Bottom  interlaminated,  braided, 
with  some  burrowing.  Brachiopods  and  pelecypods  at  base.  Eroded  into  underlying 
unit. 

72  Siltstone,  medium-  to  coarse-grained,  medium-dark-gray  (N4).  Massive.  Ripple- 
laminated.  Lower  10  in.  is  a shell  zone  with  channelled  base.  Also  an  upper  shell  zone. 
Top  eroded. 

71D  Siltstone,  coarse-grained,  medium-dark-gray  (N4).  Massive.  Structureless.  Top 
eroded. 

71C  Siltstone,  medium-  to  fine-grained,  medium-dark-gray  (N4).  Massive.  Upper  half 
parallel  laminated.  Top  burrow  mottled  and  rippled. 

71B  Siltstone,  medium-  to  fine-grained,  to  shale,  medium-dark-gray  (N4).  Scoured  base 
with  brachiopods. 

71A  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Massive.  Structure- 
less. 

70  Siltstone,  fine-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Braided.  Abundant  brachiopods  in  planar  lenticular  orientation.  Burrow  mottles  in 
fine-grained  siltstone.  Top  transitional. 

69  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Massive.  Structure- 
less. Brachiopods  (spirifers)  near  base.  Three  fossil  and  shale-chip  zones  near  top  in 
laminated,  braided,  and  burrowed  coarse-  and  fine-grained  siltstone.  Top  burrow 
mottled  and  has  brachiopod  shells. 

68  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Massive.  Homo- 
geneous mixture.  Lower  1 ft.  parallel  laminated.  Coarse-grained  siltstone  load  casts 
in  upper  half.  Scour  channel  with  coarse-grained  siltstone  2 ft.  above  base.  Top 
sharp  and  flat. 

67  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4).  Massive.  Upper  third 
contains  multiple  interbeds  of  fine-  to  medium-grained  siltstone  and  medium-  to 
coarse-grained  siltstone.  Top  sharp  and  wavy. 

66  Siltstone,  coarse-  to  medium-grained,  dark-gray  (N3)  to  med’um-dark-gray  (N4). 

Lower  half  load-casted.  Some  load  casts  oblique  to  bedding. Discontinuous  zones  and 
chips  of  siltstone.  Braided  in  top  1 in.;  grades  into  unit  67. 

65  Siltstone,  fine-  to  coarse-  grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Mas- 
sive. Graded.  Coarse-grained  siltstone,  parallel-laminated.  Braided  shale-chip 
horizon.  Top  loaded  by  unit  66. 

64  Siltstone,  coarse-  to  medium-grained,  dark-gray  {N3)  to  medium-dark-gray  (N4). 

Massive.  Top  intermixed  and  braided.  Brachiopod  zone  with  fine-grained  siltstone 
fragments  in  center. 

63  Siltstone,  medium-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Coarse-grained  siltstone  in  discontinuous  lenses  and  load  casts.  Upper  2 ft.  is  inter- 
laminated coarse-  and  fine-grained  siltstone.  Burrow  mottling  in  fine-grained  silt- 
stone. Top  sharp  and  wavy. 


Thickness 
{in  feet) 

12.25 

2.25 

16.75 

12.0 

0.5 

1.2 

0.58 

1.2 

0.67 

9.42 

3.33 

5.67 
4.76 

1.33 

1.33 

1.25 

4.33 

4.42 

5.5 

6.80 

2.68 

1.68 

2.0 

12.42 


410 


1 KHIGHTON  AM)  PAI.MKRTON  QUADRANGLES 


Unit 


Lithologic  description 


Thickness 

{feet) 


62  Siltstone,  coarse-  to  medium-grained.  Massive.  Base  is  load  casted.  Parallel  lamina- 
tions in  upper  3 ft.  Middle  contains  zone  of  shale  chips  and  brachiopods.  Small  steep 
crossbeds  near  top.  Top  sharp  and  hat. 

61  Siltstone,  fine-  to  medium-grained,  medium-dark-gray  {N4).  Massive  3-  to  12-in. 
bed.«.  Grades  in  upper  1 in.  to  fine-grained  siltstone.  Some  burrow  mottling  in  fine- 
grained siltstone.  Top  sharp  and  loaded  by  unit  62. 

60  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  {N4).  Massive.  Structureless. 
Top  1 to  2 in.  grades  to  fine-grained  siltstone. 

59  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3). 

Brachiopods  at  base.  Trilobite  cephalon  2.75  ft.  above  base,  and  spiriferid  brachio- 
pods. Coarse-grained  siltstone  parallel  laminated.  Burrow  mottling  in  fine-grained 
siltstone  filled  with  coarse-grained  siltstone  above.  Top  sharp  and  wavy. 

58  Siltstone,  coarse-  to  fine-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Nine 
graded  beds.  Coarse-grained  siltstone  comprises  75  G of  each.  Contacts  wavy  and 
sharp.  Coarse  units  in  middle  third  form  parallel  laminations.  Burrow  mottles  in 
fine-grained  siltstone  near  top.  Pyrite  and  brachiopods  near  top.  Top  sharp  and  wavy. 

57  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4).  Massive.  Base  load 
casted  into  unit  56.  Coarse  fraction  structureless  in  lower  half.  Upper  half  all  coarse- 
grained siltstone,  parallel  laminated.  Cross-laminated  near  top.  Brachiopod  zone 
in  middle.  Pyrite  near  top. 

56  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4).  Several  interbeds. 

Coarse-grained  siltstone  is  parallel  laminated.  Fine-grained  siltstone  truncates 
coarse-grained  siltstone.  Burrows  in  fine-grained  siltstone  filled  with  coarse-  grained 
siltstone.  Top  sharp,  loaded. 

55  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  {N4)  to  dark-gray  (N3).  Mas- 
sive. Grades  to  fine-grained  siltstone  in  upper  1 in.  Faint  parallel  laminations.  Load 
casts  and  scoured  surfaces. 

54  Siltstone,  coarse-  to  fine-grained,  dark-gray  (N3).  Three  graded  repetitions,  each 
with  sharp  wavy  contacts.  Top  braided  with  overlying  unit. 

53  Siltstone^  fine-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  {N4)  to 
medium-gray  (N5).  Interbedded,  interlaminated,  and  braided.  Coarse-grained  frac- 
tion parallel  laminated.  Contacts  wavy  and  scoured.  Top  sharp  and  wavy.  Sharp 
base.  Pelecypods  and  trilobites  near  base.  Many  brachiopods  in  upper  9 in. — fossil 
zones. 

52  Siltstone,  fine- to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Inter- 
bedded, braided,  and  interlaminatf'd.  Coarse-grained  siltstone  dominant.  Wavy  and 
braided  contacts.  Load-cast  zone  9 in.  above  base.  Burrow  mottles,  tubes,  and 
scattered  fossils. 

51  Siltstone,  medium-grained,  dark-gray  (N3)  to  medium-dark-gray.  Massive.  Lower 
half  structureless.  Upper  half  parallel  laminated  and  crossbedded. 

50  Siltstone,  fine-  to  coarse-  grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Inter- 
bedded, braided,  and  parallel-laminated.  Coarse-grained  siltstone  dominant.  Wavy 
contacts.  Burrows  and  mud-filled  tubes  in  upper  2 ft.  Top  sharp  and  wavy. 

49  Siltstone,  fine-  to  coarse-grained,  dark-gray  {N3)  to  medium-dark-gray  (N4).  Inter- 
bedded, interlaminated  and  contains  lenticular  zones.  Fine  fraction  dominant.  Has 
horizontal  burrows  and  calcareous  shells  in  lower  3 ft.  Pyrite  in  middle.  Scattered 
fossils  in  upper  3 ft.  Top  sharp  and  megarippled. 

48  Siltstone,  fine-  to  medium-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Channel  fiank.  Massive.  Medium-grained  siltstone  mixed  with  fine-grained  siltstone 
and  clayey  silt.  Parallel  and  wavy  laminations. 

47C  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Massive  and  parallel 
laminated.  Few  shale  chips. 

47B  Siltstone,  fine-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Inter- 
bedded and  braided  fine  siltstone  and  medium  to  coarse  siltstone.  Parallel  laminated. 
Wavy  and  lenticular  beds. 

47A  Siltstone,  coarse-grained,  medium-gray  (N5)  to  medium-light-gray  (N6).  Massive. 
Parallel  laminated. 

46  Siltstone,  fine-  to  medium-grained,  dark-gray  (N3)  to  medium-gray  (N5).  Inter- 
laminated and  braided  with  wavy  and  rippled  contacts.  Sharp  base  and  sharp  wavy 
top.  Two-in.  lenticular  shell  zone  of  spirifers  and  other  shells. 

45  Siltstone,  coarse-  to  medium-  grained,  medium-dark-gray  (N4).  Five  pairs  coarse- 
grained siltstone.  Each  begins  with  shale-  and  fossil-fragment  zones  which  are  inter- 
laminated with  overlying  parallel-laminated  medium-  to  coarse-grained  siltstone. 
Shale-chip  zones  wedge  out  laterally  into  fine  siltstone. 

44  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3)  to 
grayish-black  (N2).  Multiple  interbeds  of  medium-  to  coarse-grained  siltstone  and 
fine-grained  siltstone.  Medium-  and  coarse-grained  siltstone  dominant.  Some  wavy 
bases  and  tops.  Some  burrow  mottling.  Discontinuous  fossil  zones  in  middle.  Above 
are  burrow  mottles  and  pyrite. 

43C  Siltstone,  coarse-  and  fine-grained,  dark-gray  (N3).  Upper  half  is  braided  fine  and 
coarse  siltstone. 
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Thickness 

Unit  Lithologic  description  {feet) 

43B  Siltstone,  coarse-,  medium-,  and  fine-grained,  medium-dark-gray  (N4)  to  dark-gray 
(N3)  Lower  half  braided  and  interlaminated  medium  to  coarse  siltstone  with  fine 
siltstone.  Upper  half  parallel-laminated  coarse  siltstone.  0.68 

43A  Siltstone,  coarse-grained,  medium-dark-gray  (N4)  to  dark-gray  (N5).  Massive. 

Parallel  laminated.  1.08 

42B  Siltstone,  tine-  and  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Fine  siltstone  dispersed  in  coarse  siltstone.  Top  undulatory.  0.68 

42A  Siltstone,  medium-  to  fine-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3). 

Massive.  Entirely  parallel  laminated.  Base  rippled.  2.75 

41  Siltstone,  medium-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  {N4). 

Load  casts.  Massive.  Internally  structureless.  Parallel  laminated  in  places.  Some 
elongate  slumps  defined  by  fine-grained  siltstone  laminae.  Sharp  top.  13.0 

40  Siltstone,  medium-  to  coarse-grained,  dark-gray  {N3)  to  medium-gray  (N5).  Mas- 
sive. Heterogeneous  assemblages  of  bed  types  and  grain  sizes.  Weathers  sooty.  Top 
sharp.  Crinoids  and  brachiopods  in  upper  third.  Coarse-grained  siltstone  horizon 
in  upper  third  in  load  casts.  Medium-grained  siltstone  has  bands,  stringers,  and 
lenses.  Top  sharp  and  interlaminated  with  overlying  unit.  20.75 

39  Siltstone,  coarse-  and  fine-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3). 

Several  pairs  of  interbeds.  Lower  part  massive.  Upper  part  has  thin  parallel  lamina- 
tion of  fine  to  coarse  siltstone.  Coarse-grained  siltstone  dominant.  9.33 

38  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Sharp  top,  slightly  wavy.  Abundant  clay  near  top.  Parallel  and  cross  laminated. 

Shale  chips.  0.67 

37G  Siltstone,  fine-grained,  dark-gray  (N3).  Sharp  top.  0.16 

37F  Siltstone,  coarse-  and  fine-grained,  dark-gray  (N3).  Discontinuous  laminations  of 

fine-grained  siltstone.  0.6 

37E  Siltstone,  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5).  Massive.  1.75 

37D  Siltstone,  fine-grained,  dark-gray  (N3).  0.08 

37C  Siltstone,  coarse-grained,  medium-dark-gray  (N4).  Massive.  Internally  laminated.  2.42 

37B  Siltstone,  fine-grained,  dark-gray  (N3).  0.08 

37A  Siltstone,  coarse-grained,  medium-gray  (N5).  Massive.  1.5 

36  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Massive.  Some  parallel  laminations.  Crinoid  columnals  near  middle.  Fine-  to 
medium-grained  siltstone,  interlaminated.  Sooty.  4 . 16 

35  Siltstone,  coarse-grained,  alternating  with  medium-  to  coarse-grained  siltstone, 
dark-gray  (N3)  to  medium-dark-gray  (N4).  Parallel-laminated.  Scoured  base.  Top 
sharp,  scoured.  0.67 

34D  Siltstone,  coarse-  to  medium-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Parallel  laminated.  Coarse  siltstone  is  dominant.  0.5 

34C  Siltstone,  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5).  Massive.  2.67 

34B  Siltstone,  coarse-  to  medium-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4). 

Parallel  laminations.  0.5 

34A  Siltstone,  coarse-grained,  medium-dark-gray  (N4).  Massive.  13.3 

33D  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Dominantly  coarse  siltstone;  minor  fine  siltstone.  0.33 

33C  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Rippled  top.  2.16 

33B  Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Parallel  laminations.  Sharp  top.  0.25 

33A  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  {N4).  Massive.  Top 

ripoled.  Mud  in  ripple  troughs.  1.33 

32  Siltstone,  coarse  to  fine-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3).  Mas- 
sive. Multiple  graded  beds  5 to  6 in.  thick.  Many  wavy  basal  contacts.  Parallel 
laminated.  Horizontal  burrows  near  middle.  Top  is  parting  plane.  12.42 

31  Siltstone,  fine-  to  medium-grained,  dark-gray  (N3).  Lower  half  is  thin  bedded. 

Upper  half  has  two  graded  beds.  Gradational  base.  Sharp  wavy  top.  1. 16 

30  Siltstone,  coarse-  to  fine-grained,  medium-gray  (N5)  to  dark-gray  (N3).  Massive. 

Multiple  graded  beds  6 in  thick.  12.67 

29C  Siltstone,  fine-  and  coarse-grained,  dark-gray  (N3)  to  medium-gray  (N5).  Massive. 

Graded.  Parallel  laminated.  Rippled  top.  0.91 

29B  Siltstone,  medium-  and  fine-grained,  medium-dark-gray  (N4).  Interlayers  0.5  in. 

thick.  Parallel  laminated.  1.5 

29A  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4)  to  dark-gray  (N3).  Mas- 
sive. Graded.  Upper  half  parallel  laminated,  and  has  shale  chips  and  horizontal 
burrows.  1.25 

28  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  {N4}.  Five  massive  graded  beds. 

Coarse-grained  siltstone  is  dominant  and  is  parallel  laminated.  Shell  and  shale 
fragments,  horizontal  burrows.  9.0 

27  Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4).  Parallel-laminated  near 
top.  Upper  contact  diffuse.  Massive  in  bottom.  Pyrite-filled  tubes  in  coarse-grained 
siltstone.  1.83 

26  Siltstone,  fine-  to  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 

Massive;  interbedded;  parallel  laminations,  dominantly  in  medium-grained  siltstone. 

Abundant  horizontal  burrows.  Top  12  in.  contains  fossil  fragments  (brachiopods).  4.68 


LEHIGHTON  AND  PALMERTON  QUADRANGLES 


Lithologic  description 

Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4)  to  medium-gray 
(N5).  Channel  zone  with  fossils  in  lower  10  in.  Multiple  graded  beds.  Medium- 
grained siltstone  dominant.  Parallel  laminated.  Some  pyrite.  Top  has  parting  planes. 
Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 
Massive.  Horizontal  burrows.  Multiple  graded  beds.  Medium-grained  siltstone 
dominant.  Fossil  zones  with  carbonate-filled  molds  near  base.  Upper  contact  wavy, 
sharp. 

Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4;  to  medium-gray  (N5). 
Top  rippled,  has  plants,  pyrite,  and  some  graded  beds.  Center  is  parallel  laminated. 
Base  is  massive. 

Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Horizontal  burrows. 
Multiple  graded  beds  poorly  organized  due  to  burrowing.  Top  is  sharp  and  wavy. 
Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5). 
Massive.  Multiple  graded  beds  2 to  4 in.  thick.  Medium-grained  siltstone  dominates 
lower  half.  Coarse-grained  siltstone  dominant  in  upper  half.  Burrow  mottles  and 
crinoid  columnals  in  lower  half.  Upper  half  has  horizontal  burrows  and  discon- 
tinuous horizon  of  fossils.  Top  is  a parting  plane. 

Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  High  clay  content. 
Minor  coarse-grained  siltstone.  Poor  sorting.  Sharp  top  with  plant  imprints. 
Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Top  half;  1-in. 
graded  beds  with  plant  imprints.  Bottom  half:  massive,  graded,  minor  medium- 
grained siltstone.  Top  of  upper  half  is  rippled  fine  siltstone  containing  plant  impres- 
sions. 

Siltstone,  medium-  to  coarse-grained,  dark-gray  (N3)  to  medium-gray  (N5). 
Multiple  1-in.  graded  beds.  Medium-grained  siltstone  dominant.  Most  coarse- 
grained siltstone  is  parallel  laminated;  some  is  lenticular.  Horizontal  burrows, 
brachiopods,  and  carbonaceous  material  near  top.  Sharp  top. 

Siltstone,  fine-  and  coarse-grained,  medium-dark-gray  (N4).  Blocky.  Multiple 
coarse-  to  fine-grained  siltstone  beds.  Ten  couplets  of  8-in.  coarse-grained  siltstone 
and  1-in.  fine-grained  siltstone  sets.  Top  burrow  mottled.  Parallel  laminations. 
Siltstone,  medium-grained,  dark-gray  (N3).  Massive.  Scattered  fossils. 

Siltstone,  fine-  to  coarse-grained,  medium-dark-gray  (N4).  Blocky.  Fine-  and 
medium-grained  siltstone,  mixed.  Small  amount  of  coarse-grained  siltstone,  parallel- 
laminated,  with  sharp  bases  and  tops.  Brachiopod  zone  6 in.  below  top. 

Siltstone,  fine-  to  coarse-grained,  dark-gray  (N3)  to  medium-dark-gray  {N4).  Mas- 
sive. Fos.sils.  Several  graded  beds.  Burrow  mottles  in  coarse-grained  siltstone.  Hori- 
zontal burrows.  Parallel  laminations  in  some  graded  beds.  Crinoids  and  brachiopods 
in  upper  1 in. 

Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4).  Beds  increasingly  mas- 
sive upward;  one  to  3 in.  thick  below  and  4 to  6 in.  thick  above.  Several  graded  beds. 
Bottom  massive,  top  parallel  laminated.  Top  contact  sharp. 

Siltstone,  coarse-  to  fine-grained,  medium-dark-gray  (N4).  Three  graded  beds  in 
lower  114  in-  Coarse-grained  siltstone  is  parallel  laminated.  Top  sharp,  scoured. 
Shale  chips  in  upper  contact. 

Siltstone,  coarse-  to  medium-grained,  dark-gray  (N3).  Rust  zones  with  sharp  bases 
and  gradational  tops.  Few  burrows  in  lower  half.  Crinoid  columnals  and  brachiopod 
imprints  near  base. 

Siltstone,  coarse-  to  fine-grained,  dark-gray  (N3)  to  medium-gray  (N5).  Top  13  in. 
massive,  with  parallel  and  cross  laminations.  Sharp  top.  Bottom  8J4  ft.  has  parallel 
1-  to  4-in.  beds.  Sharp  base  and  top.  Small  amount  of  fine-grained  siltstone.  Lower 
half  is  parallel  laminated  in  part.  Upper  part  has  7 graded  beds. 

Siltstone,  coarse-grained,  brownish-gray  (5YR4/1).  Lenses  to  4 in.,  massive.  Sharp 
base  and  top. 

Siltstone,  medium-grained,  dark-gray  (NS).  Massive  1-  to  2-in.  blocky  beds.  Few 
J4-  to  1-in.  coarse-grained  siltstone  beds.  Some  burrowed;  a few  have  parallel 
laminations.  Tracks  and  trails  and  brachiopod  imprints  2 ft.  below  top. 

Siltstone,  coarse-grained,  dark-gray  (N3).  Massive.  Sharp  base  and  top. 

Siltstone,  coarse-  to  fine-grained,  dark-gray  (N3).  Three  pairs  graded  beds,  each  1 
to  2 in.  thick.  Base  and  top  sharp.  Parallel  laminations  at  base  cut  by  crossbedded 
unit  above.  Fossils  (brachiopods)  in  top  6 in. 

Siltstone,  coarse-grained,  dark-gray  (N3).  Massive.  Sharp  base.  Top  interlaminated 
through  a J^-in.  zone. 

Sandstone,  very  fine  grained  and  siltstone,  coarse-  to  medium-grained.  Many  lami- 
nated zones.  Several  very  fine  grained  sandstone  beds  1 to  2 in.  thick.  Gray-white 
carbonaceous  zones.  Blocky  beds.  Few  fossils.  Mottled  sandstone.  Siliceous  nodules 
at  top. 

Sandstone,  very  fine  grained,  and  siltstone,  coarse-  to  medium-grained,  dark-gray 
(N3)  to  medium-dark-gray  (N4).  More  massive  than  unit  2.  Massive  units  are  2 to 
4 in.  thick.  Micro-scour-and-fill  structures  and  cross  laminations.  Carbonaceous 
zone  near  top. 

Siltstone,  coarse-  to  medium-grained,  dark-gray  (N3)  to  medium-dark-gray  {N4). 
Platy  and  fissile. 

Shale  and  siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Incom- 
plete exposure. 
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SECTION  9 

TOWAMENSING  MEMBER  OF  CATSKILL  FORMATION 


Type  section  of  the  Towamensing  Member  of  the  Catskill  Formation,  located  in  a 
roadcut  on  Pa.  Route  248  between  Bowmanstown  and  Parryville  on  the  east  bank 
of  the  Lehigh  River  in  Lower  Towamensing  Township.  Base  of  section  is  5,900  feet 
north  of  latitude  40°47'30"  and  810  feet  west  of  longitude  75°40'  (Figure  93).  Tne 
base  of  the  section  at  road  level  occurs  at  a culvert,  adjacent  to  a road  sign  which 
reads  “Lehighton  3 miles:  Jim  Thorpe  7 miles.”  The  Tully  fossil  horizon  lies  to 
the  south.  Section  measured  by  J.  D.  Glaeser. 


Unit  Lithologic  description 

81B  Sandstone,  fine-grained,  medium-bluish-gray  (5B5  1)  to  medium-dark-greenish- 
gray  (5G5'1).  Siliceous  cement.  Mottling.  Dominantly  medium-light-brownish 
gray  (5YR5/1).  Top  1.33  ft.  grades  upward  to  red  color  and  into  Walcksville 
Member. 

81 A Sandstone,  fine-  to  medium-grained,  medium-bluish-gray  (5B5/1)  to  medium-dark- 

greenish-gray  (5G5/T).  Sharp  planar  base.  Quartzitic.  Massive,  structureless. 

80  Siltstone,  coarse-grained,  medium-dark-gray  (N4).  Base  sharp  and  planar.  Lower 
0.16  ft.  flaggy,  high  clay  and  disseminated  carbon  content. 

79  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-dark-gray  (N4) 
to  medium-gray  (N5).  Coaly  plant  fragments.  Top  3^  in.  is  coaly  sandstone.  Planar 
beds.  Massive.  Tough.  Weathers  black,  yellow,  and  rust. 

78  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-gray  (N5).  Mas- 
sive. Tough.  No  planar  structures.  Lower  2.67  ft.  interfingers  with  unit  77.  Inter- 
fingering  beds  are  fine-grained  siltstone,  medium-dark-gray  (N4). 

77  Siltstone,  medium-grained,  olive-gray  (5Y4/1).  Sharp  planar  top  interfingers  with 
unit  78.  No  break  above  unit  76. 

76  Sandstone,  fine-  to  very  fine  grained,  and  siltstone,  fine-grained.  Sandstone  is 
medium  gray  {N5) ; siltstone  is  olive  gray  (5Y4  1).  Sharp  basal  contact.  A shale  layer 
grades  up  through  1 mm  to  sandstone.  Sandstones  are  alternating,  discontinuous 
lenses  and  layers.  Wavy  bedding;  sand-filled  knots. 

75  Sandstone,  very  fine  grained,  medium-gray  (N5).  Flow  contortion  at  top;  shale  chips 
on  end.  Swirls  of  sand  in  sand.  Massive.  Tough.  Conglomeratic  at  base.  Base 
scoured;  up  to  6 in.  of  relief. 

74  Siltstone,  medium-,  grading  up  to  fine-grained,  medium-dark-gray  (N4).  Top  1 in. 
grades  to  fine-grained  siltstone.  Flaggy. 

73  Sandstone,  very  fine  to  fine-grained,  medium-gray  fN5).  LTpper  2 to  3 ft.  grades  into 
coarse-grained  siltstone.  Alternating  beds  of  very  fine  to  fine-grained  sandstone  and 
very  fine  to  fine-grained  sandstone  with  shale  fragments,  dark-gray  (N3)  to 
medium-dark-gray  (N4).  Shale  fragments  are  parallel  to  beds.  Base  is  calcareous, 
leached,  plant-bearing. 

72  Sandstone,  fine-  to  medium-grained,  medium-gray  (N5).  Massive.  Tough.  Multiple 
minute  laminae  in  center. 

71  Sandstone,  medium-grained,  medium-light-gray  (N6).  Shale  fragment  conglomerate, 
intimately  mixed  with  sandstone.  Scours  unit  70  with  6 in.  of  relief.  Near  base, 
sandstone  is  interbedded  with  shale. 

70  Sandstone,  fine-grained,  medium-gray  (N5)  to  medium-light-gray  (N6).  Massive, 
structureless.  Where  plant  zone  absent  at  top  of  unit  69,  there  is  no  parting  plane 
between  units.  Basal  2 in.  bleached  by  plant  material  of  unit  69. 

69B  Sandstone,  fine-  to  medium-grained,  medium-gray  (N5)  to  medium-light-gray  (N6). 

Massive.  Structureless.  Top  2 in.  bleached  and  rusty.  Top  surface  has  coaly  plant 
material.  Base  defined  by  cessation  of  shale  clasts  of  unit  68.  No  grain  size  change  in 
the  sandstone. 

69A  Sandstone,  fine-  to  medium-grained,  medium-light-gray  (N6).  Shale  fragments 
throughout.  Liesegang  banding  in  unit  near  top.  Large  (8  in.  x 3 in.  max.)  olive-gray 
shale  clasts  at  base. 

68  Sandstone,  fine-grained,  medium-light-gray  (N6).  Massive,  planar  base,  tough. 

67  Sandstone,  fine-grained,  medium-gray  (N5).  Planar  beds,  dark  shale-chip  zone  near 

middle.  Coaly  fragments  at  top. 

66  Sandstone,  medium-  to  fine-grained,  medium-dark-gray  (N4).  Planar  base.  Very 
tough,  silica  cemented.  Coaly  seam  marks  top. 

65  Siltstone,  fine-grained,  to  shale,  and  sandstone,  fine-  to  very  fine  grained.  Sandstone 
is  medium  gray  (N5);  shale  and  siltstone  are  dark  gray  to  medium-dark  gray  (N3- 
N4).  Discontinuous  shale-siltstone  laminae;  base  is  planar. 

64  Sandstone,  very  fine  grained,  medium-gray  (N5).  Massive,  tough.  Undulatory  base, 
but  no  erosion  evident.  Shale  lamina  containing  plant  impressions  caps  the  top. 


Thickness 
(in  feet) 


2.33 

4.67 

1.16 

0.83 

12.67 

0.67 

1.42 

1.42 

1.5 


7.83 

4.50 

1.5 

5.16 

2.16 

1.24 

0.25 

0.33 

0.66 

0.5 

0.92 
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Thickness 

Unit  Lithologic  description  (feet) 

63  Two  pairs  of  coarse-  and  finer  grained  units.  Lower  pair  consists  of  coarse  siltstone 
(0.67  ft.  thick)  overlain  by  0.08  ft.  of  fine  siltstone,  medium-dark-gray  (N4).  The 
upper  pair  consists  of  sandstone,  very  fine  grained  (0.16  ft.  thick),  medium-gray 
(N5),  overlain  by  0.16  ft.  of  shale,  medium-dark-gray  (N4).  1.07 

62  Siltstone,  coarse-,  medium-,  and  fine-grained,  dark-greenish-gray  (5GY4/1)  and 

medium-dark-gray  (N4).  2.16 

61  Siltstone,  coarse-,  medium-,  and  fine-grained,  very  dark  greenish  gray  (5GY3/1) 

and  medium-dark-gray  (N4).  Micaceous.  Multiple  thin  interbeds.  4.92 

60  Three  gradational  successions  of  sandstone  fining  up  through  siltstone,  coarse-  to 
medium-  to  fine-grained.  The  upper  of  the  three  is  1.8  ft.  thick;  the  lower  two  are 
each  0.16  ft.  thick.  Finer  portion  is  dark  gray  (N3);  coarse  portion  is  medium-dark- 
gray  (N4).  2. 15 

59  Sandstone,  very  fine  grained,  and  siltstone,  coarse-,  medium-  and  fine-grained, 
dark-gray  (N3)  (finer  units)  to  medium-dark-gray  (N4)  ( coarser  units).  Top  34 
rippled.  Burrows,  burrow  mottling,  and  trails.  1.42 

58  Sandstone,  very  fine  grained,  to  siltstone,  coarse-,  medium-,  and  fine-grained.  Several 
interbeds;  basal  0.16  ft.  is  fine  siltstone.  Finer  units  are  medium-dark  gray  (N4); 
coarser  units  are  medium  gray  (N5).  Top  layer  may  be  rippled.  1.4l 

57  Sandstone,  very  fine  grained,  grading  up  in  several  interbeds  to  siltstone,  coarse-, 
medium-,  and  fine-grained,  and  to  shale.  Finer  units  are  dark  gray  to  medium-dark 
gray  (N3-N4) ; coarser  units  are  medium  gray  (N5).  Massive;  no  laminations.  Lami- 
nated at  base.  1.40 

56  Siltstone,  medium-grained,  dark-gray  (N3)  to  medium-dark-gray  (N4).  Tough. 

Incipient  fissility  in  lower  half.  No  physical  break  with  unit  55.  1.42 

55  Siltstone,  coarse-  to  medium-grained,  medium-  dark-gray  (N4).  Tough.  Basal  0.02 

ft.  has  medium  to  coarse,  glassy  quartz  grains.  0.42 

54  Siltstone,  medium-  and  coarse-grained,  medium-dark-gray  to  medium-gray  (N4- 

N5).  Base  scours  unit  53,  0.5-ft.  relief.  Particles  of  quartz  in  lower  1 in.  1 . 17 

53  Sandstone,  fine-  to  very  fine  grained,  medium-light-gray  (N6).  Top  eroded.  Tough. 

Abundant  large  coaly  plant  fragments.  Wedge-shaped  and  irregular-shaped  beds.  3.33 

52  Sandstone,  very  fine  grained,  medium-light-gray  (N6).  Undulatory  base  and  top, 

4-in.  relief.  May  be  postdepositional  compaction.  Massive.  Tough.  Coaly  plant 
fragments.  2.16 

51  Siltstone,  medium-  to  coarse-grained,  medium-dark-gray  (N4)  to  medium-gray 
(N5).  Medium-grained  siltstone  and  shale  in  lower  2.16  ft.  Well  sorted.  Tough. 

Some  internal  layering.  Four  aligned,  deeply  weathered  zones.  4.99 

50  Siltstone,  medium-grained,  grading  up  through  fine  siltstone  to  shale,  medium-gray 
(N5)  to  medium-light-bluish-gray  (5B6/1).  White  coating  in  upper  2 ft.  Incipient 
laminated  character  increases  upward.  Undulatory  base.  Massive.  5.16 

49  Siltstone,  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5).  Long 
plant  imprint  and  2-ft.-long  plant  remnant  near  top.  Entire  unit  may  be  a lens. 

Trough-like  beds.  Coaly  material  at  base.  Base  undulatory.  1.33 

48  Siltstone,  coarse-  to  medium-grained,  medium-gray  (N5).  Coaly  plant-bearing  layer 
5 in.  above  base.  Wavy  base.  Carbonaceous  material  suggested  by  rust,  yellow,  and 
white  colors.  1.25 

47  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-dark-gray  (N4). 

Massive.  Base  irregular;  no  erosion  evident.  Top  surface  contains  coaly  plant 
material.  1.16 

46  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Abundant  clay  and 
calcareous  material,  increasing  upward.  External  colors  are  green,  dark  red,  white, 
and  rust.  3.33 

45  Siltstone,  medium-grained,  medium-dark-gray  (N4).  Hackly  fracture.  Stained 

white  and  dirty  olive.  Upper  3 in.  is  fissile  and  contains  carbonaceous  material.  3.0 

44  Siltstone,  fine-grained,  to  shale,  dark-gray  (N3).  Lower  1 in.  is  faulted  and  coaly.  1.33 

43  Siltstone,  fine-grained,  with  two  lenses  of  coarse-grained  siltstone  in  middle  portion, 

dark-gray  (N3)  to  medium-dark-gray  (N4).  In  basal  0.08  ft.,  incipient  cleavage 
intersects  bedding  to  produce  a hackly  fracture.  2.49 

42  Sandstone,  fine-grained,  medium-gray  (N5).  Well-developed  ripple  marks  in  upper 

4 in.  Plant  impressions.  Sharp  base.  0.83 

41  Quartzitic  sandstone,  medium-dark-gray  (N4).  Slightly  wavy  base;  1-in.  zone  of 

shale  chips  just  above  base.  Pyrite  present  in  lower  half.  0.42 

40  Siltstone,  coarse-  to  medium-grained,  medium-gray  (N5)  to  medium-light-gray  (N6). 

Scattered  pyrite;  plant  remains.  1.16 

39  Siltstone,  medium-  to  fine-grained,  medium-light-gray  (N6).  Quartzitic.  1.84 

38  Sandstone,  very  fine  grained,  to  siltstone,  coarse-  to  medium-grained,  dark-gray 
(N3)  to  medium-dark-gray  (N4).  Sandy  beds  are  burrowed.  Mud  cracks  are  sand 
filled.  Rust-colored  zones.  Interlayered. 

37  Siltstone,  coarse-  to  medium-grained,  medium-dark-greenish-gray  (5GY5/1)  to 
medium-gray  (N5).  Base  not  well  defined.  Massive.  Nonplanar.  Increasing  clay 
content  in  top  1 ft.  3.75 

36  Sandstone,  very  fine  grained,  and  siltstone,  coarse-grained,  medium-gray  (N5). 

Massive.  Nonplanar.  Sharp  base.  2.25 
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Unit  Lithologic  description 

35  Sandstone,  very  fine  grained,  medium-dark-gray  {N4).  Basal  and  top  laminae  are 
siltstone,  medium-grained,  medium-light-bluish-gray  (5B6  1). 

34  Sandstone,  very  fine  grained,  medium-gray  {N5).  Massive. 

33  Sandstone,  fine-  to  very  fine  grained,  grading  up  into  siltstone,  coarse-  to  medium- 
grained,  medium-dark-gray  (N4)  to  medium-gray  (N5)  to  medium-light-bluish-gray 
(5B6  1).  Top  surface  rippled. 

32  Alternating  beds  of  sandstone,  fine-  to  very  fine  grained,  medium-g-ay  (N5),  and 
siltstone,  medium-grained,  medium-dark-gray  (N4).  Base  is  sharp. 

31-30  Sandstone,  fine-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5),  interbedded 
with  shale-chip  conglomerate,  dark-gray  (N3).  Massive  fine-grained  sandstone. 
Rusty  plant  remains  near  base.  Irregular  base. 

29  Sandstone,  fine-  to  very  fine  grained,  medium-gray  (N5).  Slight  size  de^orease  up- 
ward. Massive.  Dark  siltstone  or  carbonaceous  chips  near  top.  Dark  rusted  lamina- 
tions near  center. 

28  Sandstone,  very  fine  grained,  medium-dark-gray  (N4).  Sharp  base.  Massive.  Top 
0.04  ft.  is  siltstone,  fine-grained,  dark-gray  (N3);  contains  plant  remains. 

27  Sandstone,  fine-  to  very  fine  grained,  medium-dark-gray  {N4),  with  thin,  discon- 
tinuous medium-grained  siltstone  bed  near  middle.  Carbonaceous.  Remainder  of 
unit  massive  and  tough.  Top  contains  plant  impressions. 

26  Sandstone,  medium-  to  fine-  to  very  fine  grained,  medium-gray  (N5).  Tough.  Mas- 
sive. Nonplanar.  Top  0.08  ft.  is  medium-grained,  carbonaceous  siltstone. 

25  Sandstone,  fine-grained,  medium-dark-gray  (N4).  Massive.  Tough. 

24  Sandstone,  fine-grained,  medium-dark-gray  (N4).  Base  not  clearly  defined.  Rust- 
colored  layers.  Unit  is  massive  and  tough. 

23  Sandstone,  very  fine  grained,  grading  up  into  siltstone,  coarse-grained,  medium- 
dark-gray  (N4).  Massive.  Tough.  Nonplanar. 

22  Sandstone,  very  fine  grained,  medium-dark-gray  (N4).  Tough.  Plante?)  impres- 
sions on  top.  Massive,  nonplanar. 

21  Shale,  dark-gray  (N3),  thoroughly  mixed  and  contorted,  with  fine-grained  sand- 
stone, medium-gray  (N5).  Churned  and  mixed  basal  contact.  Top  very  irregular 
with  horizontal  burrows. 

20-17  Siltstone,  fine-  to  medium-grained,  dark-gray  (N3)  to  medium-gray  (N5).  Multiple 
paper-thin  laminations  at  top.  Rusted  carbonaceous  zone  below,  with  undulatory 
base,  minute  alternations.  Massive  nonplanar  conchoidal  fracture  at  base. 

16  Seven  graded  beds,  each  consisting  of  sandstone,  fine-  to  very  fine  grained,  grading 
up  into  siltstone,  coarse-grained.  Base  of  sequence  is  undulatory.  Base  of  each 
graded  bed  is  sharp.  Color  ranges  from  medium-light  gray  in  the  coarsest  fraction 
to  medium-dark  gray  (N4)  in  the  finer  fraction. 

15  Siltstone,  medium-grained,  medium-dark-gray  (N4).  Massive.  Sharp  and  undu- 
latory base.  Nonplanar. 

14  Sandstone,  medium-  to  fine-grained.  Undulatory  base.  Dark  shale  chips  just  above 
base. 

13  Sandstone,  fine-  to  very  fine  grained,  medium-gray  (N5).  0.81  ft.  interlaminated  with 
siltstone,  medium-grained,  medium-dark-gray  (N4). 

12  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Massive.  Plant 
remains. 

11  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  (N4).  Multiple  internal 
laminations. 

10  Siltstone,  coarse-  to  medium-grained,  medium-dark-gray  {N4).  Contorted  mixture. 

9 Siltstone,  medium-grained,  medium-dark-gray  (N4).  Conchoidal  fracture.  No  planar 
elements. 

8 Siltstone,  medium-  and  coarse-grained,  to  sandstone,  very  fine  grained,  medium- 
dark-gray  (,N4).  Layers  of  siltstone  with  very  thin  layers  and  laminae  of  coarse 
siltstone  to  very  fine  sandstone. 

7 Sandstone,  very  fine  grained,  medium-gray  (N5).  Few  discontinuous  limonite- 
stained  layers  3 in.  from  top.  Base  sharp.  Unit  is  slightly  finer  and  darker  than 
underlying  unit  6. 

6 Sandstone,  fine-  to  very  fine  grained,  medium-gray  (N5).  Massive.  Base  minutely 
scoured  and  mixed  with  underlying  bed. 

5 Sandstone,  very  fine  grained,  and  siltstone,  medium-grained,  medium-dark-gray 
(N4).  Zebra-striped  iron  stain  and  alternations.  Few  scattered  lenticular  shale 
fragments;  pyrite  present  6 in.  below  top.  Planes  of  lamination  slightly  inclined  to 
plane  of  basal  surface.  Base  sharp. 

4 Sandstone,  fine-  to  very  fine  grained,  medium-gray  (N5),  to  siltstone,  coarse- 
grained, medium-dark-gray  (N4). 

3 Sandstone,  very  fine  grained,  medium-dark-gray  (N4).  Tough.  Some  laminae  are 
limonite  stained.  Undulatory  base.  Multiple  laminations. 

2 Sandstone,  very  fine  grained,  siltstone,  medium-grained,  and  shale,  dark-gray  (N3) 
to  medium-dark-gray  (N4).  Jumbled  mixtures  of  blocks  up  to  2 ft.  long.  No  planar 
structures.  Slump  zone. 

1 Sandstone,  very  fine  grained,  medium-dark-gray  (N4).  Massive.  Sharp  erosional 
and  loaded  base.  Base  of  unit  in  sharp  contact  with  Trimmers  Rock  P‘'ormation. 

Total 
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0.64 
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0.85 
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SECTION  10 

WALCKSVILLE  MEMBER  OF  CATSKILL  FORMATION 

Reference  section  of  the  Walcksville  Member  of  the  Catskill  Formation,  located  in 
a roadcut  in  the  Indian  Hills  on  the  east  bank  of  the  Lehigh  River  north  of  Weissport 
(Figure  100).  Base  of  section  is  5,100  feet  north  of  latitude  40°51'  and  300  feet  east  of 
longitude  75°42'30".  Section  measured  by  J.  D.  Glaeser. 

Thickness 

Unit  Lithologic  description  (feet) 

73  Siltstone,  medium-grained,  grayish-red  {5R4/2).  Fracture  cleavage;  fissile.  Top  of 

unit  is  in  contact  with  Beaverdam  Run  Member.  3.0 

72  Interbeds  of  siltstone,  medium-grained,  pale-red  (5R6/2),  blocky,  and  shale  to 

siltstone,  fine-grained,  fissile,  grayish-olive  (10Y4/2).  1.65 

71  Siltstone,  coarse-grained,  grayish-olive  {10Y4/2)  to  greenish-gray  (5GY6/1)  in 
the  lower  1.16  ft.  Massive.  Laminated  in  the  lower  1.16  ft.;  above  this,  unit  has 
platy  to  incipient  fissility.  5.67 

70  Siltstone,  medium-grained,  medium-light-olive-gray  (5Y5/1).  Massive,  incipient 

fissility.  Upper  0.16  ft.  is  fine-grained  siltstone,  grayish-olive  (10Y4/2).  4.5 

69  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6/1) 

to  greenish-gray  (5GY6/T).  Massive,  blocky.  3.67 

68  Siltstone,  medium-  to  coarse-grained,  moderate-olive-brown  (5Y4/4),  massive. 

Upper  1.66  ft.  is  siltstone,  medium-grained,  light-olive-gray  (5Y6/1),  fissile.  2.33 

67  Sandstone,  very  fine  grained,  grades  to  siltstone,  coarse-grained,  light-bluish-gray 
(5B7/T)  to  light-olivc-gray  (5Y6  1).  Massive.  Upper  1.7  ft.  is  medium-grained 
siltstone,  pale-grayish-olive  (10Y5/2),  fissile.  2.5 

66  Siltstone,  medium-grained,  grayish-red  {5R4/2).  Ripples  2 ft.  below  top  on  underside 

of  bed;  blocky;  fracture  fissility.  9.5 

65  Siltstone,  coarse-  to  fine-grained,  pale-olive  (10Y6^2).  Graded  bed.  Color  transition 

in  upper  1 in.  Fissility  increases  upwards.  3.0 

64  Covered.  114.2 

63  Siltstone,  medium-grained,  greenish-gray  (5G6/1).  High  clay  content.  2.0 

62  Siltstone,  coarse-  to  medium-grained,  grayish-red  (5R4/2).  Upper  few  feet  mottled 

with  green.  Several  alternating  units.  23.2 

61  Siltstone,  medium-  to  fine-grained,  medium-light-  olive-gray  (5Y4/2).  Top  of  basal 

0.25  ft.  capped  by  mud-cracked  veneer.  Top  two-thirds  is  leached.  2.0 

60  Siltstone,  fine-  to  coarse-grained,  grayish-red  (5R4/2).  Tracks  and  trails;  few  green 

mottles  at  top.  18.5 

59D  Siltstone,  coarse-  to  medium-grained,  grayish-red  (5R4/2).  Fracture  fissility.  2.0 

59C  Siltstone,  coarse-grained,  grayish-red  (5R4 '2).  1.25 

59B  Siltstone,  coarse-  to  medium-grained,  grayish-red  (5R4/2).  Fracture  fissility.  3.0 

59A  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  2.0 

58  Sandstone,  very  fine  grained,  upper  half  is  grayish  red  (5R4/2)  and  bottom  half  is 

dusky  yellow  (5Y6/4).  Color  transition  with  no  physical  break.  17.4 

57  Covered.  4.7 

56  Siltstone,  fine-  to  medium-grained,  light-olive-gray  (5Y5/2).  One  ft.  above  base 

is  a 13.4-ft.  unit  of  siltstone,  medium-  to  coarse-grained,  grayish-red  (10R4/2).  17.4 

55  Sandstone,  very  fine  grained,  to  siltstone,  coarse-  grained,  dusky-yellow  (5Y5/4 — 

5Y6/4).  Flaggy.  9.6 

54B  Covered.  Float  similar  to  underlying  unit.  19.3 

54A  Sandstone,  fine-  to  very  fine  grained,  to  siltstone,  coarse-grained,  dark-yellowish- 

gray  (5Y6/2).  18.1 

53  Covered.  2.67 

52  Siltstone,  coarse-grained,  light-olive-gray  (5Y5/2).  Fracture  cleavage.  Increasing 

clay  content  upward.  3.67 

51  Siltstone,  coarse-grained,  dark-grayish-red  {5R3/2).  Fracture  cleavage.  Upper  few 

feet  has  increasing  clay  content.  16.4 

50  Siltstone,  coarse-  to  medium-grained,  dusky-yellow  (5Y6/4)  to  moderate-olive- 

brown  (5Y4/4).  Fractured.  5.5 

49  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dusky-yellow  (5Y5/4). 

Massive  to  flaggy;  internal  laminations.  4.33 

48  Covered.  5.7 

47  Two  pairs  of  fining-upward  sequences  of  siltstone,  coarse-  to  medium-grained,  and 

shale,  grayish-red  (5R4/2).  Upper  1.5  ft.  is  moderate-olive  brown  (5Y4/4).  6.7 

46  Siltstone,  coarse-grained,  light-grayish-red  (5R5/2j.  Massive.  1.0 

45  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2).  Partly  covered.  12.5 

44  Siltstone,  medium-grained,  dusky-yellow  (5Y5/4).  Fracture  cleavage.  1.5 

43  Covered.  3.0 
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Thickness 

Unit  Lithologic  description  (feet) 

42  SiItston(\  mc^dium-  to  coarse-grained,  grayish-red  (5R4  2)  to  dark-grayish-red 
(5R3  2).  Upper  3.5  ft.  is  siltstone,  medium-grained,  light-olive-gray  (5Y5  2),  with 
prominent  fracture  cleavage.  15.4 

41  Sandstone,  very  fine  grained,  tosiltstone,  coarse-grained,  light-grayish-red  (5R5  2). 

Massive.  0.67 

40  Siltstone,  fine-  to  medium-grained,  medium-reddish-brown  (10R4  4).  Fracture 

cleavage.  3.75 

39  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  Platy  in  mid  third.  1.5 

38  Shale  to  siltstone,  fine-grained,  grayish-red  (5R4  2)  with  light-olive-gray  (5Y6  1). 

Mottling  in  mid  third.  3.0 

37  Covered.  1.33 

36  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  Massive.  3.33 

35  Siltstone,  medium-grained,  grayish-red  (5R4  2).  Fracture  cleavage.  4.67 

34  Siltstone,  coarse-grained,  pale-grayish-red  (5R5  2).  Massive.  3.5 

33  Siltstone,  medium-grained,  to  sandstone,  very  fine  grained,  dark-grayish-red 

(5R3  2)  to  light-grayish-red  (5R5  2).  Incipient  fissility.  1.16 

32  Siltstone,  coarse-  to  medium-grained,  grayish-red  (5R4  2).  Coarse-grained  siltstone 

stringers.  2.5 

31  Siltstone,  medium-  to  fine-grained,  light-grayish-olive  (10Y5  2).  Color  transition 

at  top.  Lower  0.25  ft.  leached.  2.0 

no  #30 

29  Shale  to  siltstone,  medium-grained,  light-olive-gray  (5Y5/2).  Fracture  fissility. 

Grain  size  coarsens  upward.  4.33 

28  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  yellowish-gray  (5Y7/2) 

to  pale-olive  (10Y6/2).  Flaggy  to  massive.  3.33 

27  Shale  to  siltstone,  medium-grained,  pale-olive  (10Y6  2)  to  mottled-grayish-red 

(10R4  2).  Lower  0.75  ft.  is  grayish  red  (10R4  2).  Incipient  fissility,  fracture  cleavage.  3 . 83 

26  Siltstone,  coarse-  to  medium-grained,  grayish-red  (5R4  2— 10R4,  2).  Massive.  Top 

6 in.  has  incipient  fissility.  3.33 

25  Siltstone,  fine-grained,  moderate-red  (5R4  4).  Fracture  fissility.  3.0 

24  Siltstone,  medium- to  fine-grained,  grayish-red  (5R4  2)  to  dark-grayish-red  (5R3/ 2). 

Incipient  fissility  in  the  top  4.0  ft.  5.5 

23  Sandstone,  very  fine  grained,  to  siltstone,  very  coarse  grained,  grayish-red  (5R4,  2).  1.5 

22  Sandstone,  very  fine  grained,  grading  up  into  siltstone,  coarse- to  medium-grained, 

grayish-red  (5R4,  2)  to  light-grayish-red  (5R5  2).  Siltstone  chips.  Desiccation 
cracks  in  top  layer.  1.5 

21  Siltstone,  fine-grained,  grayish-red  (5R4,  2)  to  dark-grayish-red  (5R3.  2).  Incipient 

fissility.  7.0 

20  Sandstone,  very  fine  grained,  grayish-red  (5R4,  2).  0.33 

19  Siltstone,  fine-grained,  dark-grayish-red  (5R3,  2).  0.08 

18  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  grayish-red  (5R4/2}. 

Upper  half  contains  fine  siltstone,  dark-grayish-red  (5R3/2}.  0.16 

17  Siltstone,  fine-grained,  dark-reddish-brown  (10R3, 4).  Incipient  fissility.  1.25 

16  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  pale-grayish-red  {5R5,  2). 

Massive.  1.0 

15  Siltstone,  medium-grained,  grading  up  into  fine-grained,  moderate-dusky-red 

(5R3  4).  Fissile.  6.5 

14  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (10R4/2). 

Massive.  3.0 

13  Siltstone,  fine-grained,  dark-grayish-red  (5R3/ 2).  Platy;  large  pencil  fragments.  3.0 

12  Sandstone,  very  fine  grained,  grayish-red  (5R4, 2).  3.0 

11  Covered.  2.0 

10  Sandstone,  very  fine  grained,  pale-olive  (10Y6,  2)  to  light-olive-gray  (5Y6/1). 

Blocky  and  flaggy.  8.5 

9 Covered.  1.5 

8 Siltstone,  coarse-grained,  and  shale  to  siltstone,  fine-grained,  medium-light-olive 

(10Y4/4)  to  pale-olive  (10Y6.  2).  Laminated  and  interbedded.  5.0 

7 Siltstone,  fine-grained,  grayish-red  (10R4,  2).  0.75 

6 Shale  to  siltstone,  fine-  to  medium-grained,  light-olive-gray  (5Y5/2).  Upper  half  is 

clay-rich,  mottled,  silty  mudstone,  moderate-greenish-yellow  (10Y6/4).  9.7 

5B  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5Y5/1).  Some  beds 

massive.  Flaggy.  Internally  laminated.  24.8 

5A  Covered.  24.8 

4 Shale  to  siltstone,  medium-grained,  dusky-yellow  (5Y6/4}.  Float  made  up  of  pencil 

fragments.  7.0 

3B  Siltstone,  coarse-grained  with  dominant  sandstone,  dark-yellowish-gray  (5Y6/2) 

with  grayish-red  (5R4,  2)  siltstone.  18.5 

3A  Shale  and  siltstone,  medium-grained,  with  dominant  sandstone,  pale-olive  (10Y6/  2). 

Shale  chips,  dark-yellowish-gray  (5Y6/2).  Minor  siltstone,  pale-reddish-brown 
(10R5/4).  18.5 

2D  Siltstone,  coarse-grained,  greenish-gray  (5GY6/ IL  8.0 
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Thickness 


Unit  Lithologic  descriptioyi  (feet) 

2C  Siltstone,  medium-grained,  and  interbedded  sandstone,  very  fine  grained,  medium- 

olive-gray.  13.0 

2B  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1).  20.5 

2A  Quart/.itic  sandstone  with  fine  siltstone  clasts,  very  pale  orange  (10YR8/2).  1.5 

IB  Siltstone,  coarse-  to  medium-grained,  moderate-brown  (5YR4/4),  grayish-red 

(10R4/2),  and  medium-reddish-brown  (10R4/4).  Occurs  in  float.  11.0 

lA  Siltstone,  coarse-grained,  and  sandstone,  very  fine  grained,  light-olive-gray  (5Y5/2). 

Siltstone  minor  (May  be  red  float  122  feet  stratigraphically  below  this  unit.)  22.0 


Total  644.94 


SECTION  1 1 

BEAVERDAM  RUN  MEMBER  OF  CATSKILL  FORMATION 


Reference  section  of  the  Beaverdam  Run  Member  of  the  Catskill  Formation, 
located  on  the  west  side  of  U.S.  Route  209  just  south  of  Beaverdam  Run  on  the  west 
bank  of  the  Lehigh  River  between  the  towns  of  Jamestown  and  Packerton  (Figure 
101).  Base  of  section  is  ,5,380  feet  north  of  latitude  40°50'  and  1,100  feet  west  of 
longitude  75°42'30".  Section  measured  by  J.  D.  Glaeser. 

The  name  Beaverdam  Run  was  proposed  by  Klemic  and  others  (1963)  and  is  used, 
as  defined  by  them,  in  this  report.  The  Beaverdam  Run  Member  of  the  Catskill 
Formation  is  not  the  same  as  the  Middle  Devonian  Beaver  Dam  Member,  defined 
by  Willard  and  others  (1939,  p.  141,  153)  and  used  subsequently  by  Dennison  (1961). 

Thickness 


Unit  Lithologic  description  (feet) 

APPROXIMATELY  194'  OF  COVER  LIES  ABOVE  UNIT  202  AND  IS  IN- 
CLUDED IN  THE  BEAVERDAM  RUN  MEMBER.  194.0 

202  Siltstone,  fine-grained,  dusky-yellow  (5Y5/4).  Fissile.  5.0 

201  Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6/2).  Massive,  spheroidal 

weathering.  0.67 

200  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y4/2).  2.0 

199  Siltstone,  coarse-grained,  medium-light-olive-gray  (5Y5,/1).  1.67 

198  Siltstone,  fine-grained,  olive-gray  (5Y4/1).  Fissile.  0.5 

197  Siltstone,  coarse-grained,  olive-gray  (5Y4/1).  2.0 

196  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dark-yellowish-gray 

(5Y6/2).  Massive,  spheroidal  weathering.  1.67 

195  Siltstone,  fine-grained,  dusky-yellow  (5Y5/4).  Fissile.  3.0 

194  Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6/2).  Massive,  spheroidal  weath- 
ering. 0.75 

193  Siltstone,  medium-  to  fine-grained,  dark-yellowish-gray  (5Y6/2).  Fissile.  3.83 

192  Siltstone,  coarse-grained,  yellowish-gray  (5Y7/2).  Massive,  spheroidal  weathering.  0.83 

191  Siltstone,  fine-grained,  dusky-yellow  (5Y5/4).  Fissile.  Coarse-grained  siltstone  to 

very  fine  grained  sandstone  bed  in  lower  0.33  ft.,  yellowish-gray  (5Y7/2),  massive.  4.33 

190  Siltstone,  fine-grained,  light-grayish-olive  (10Y5/2).  Fissile.  2.5 

189  Siltstone,  coarse-grained,  greenish-gray  (5GY6/1).  Massive,  spheroidal  weathering.  2.0 

188  Siltstone,  fine-grained,  light-olive-gray  (5Y6/T).  Fissile.  0.75 

187  Siltstone,  medium-grained,  dark-yellowish-gray  (5Y6/2).  Massive,  spheroidal 

weathering.  1.16 

186  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  Incipient  fissility;  frac- 
ture cleavage.  3.83 

185  Siltstone,  medium-grained,  light-olive-gray  (5Y5/2).  Fractures  into  pencil  fragments.  2.25 

184  Siltstone,  medium-  to  coarse-grained,  light-olive-gray  (5Y6/1).  2.0 

183  Siltstone,  medium-  to  coarse-grained,  dark-grayish-yellow  (5Y7/4).  Massive.  Fissile, 

fine-grained,  light-olive-gray  (5Y5/2)  siltstone,  0.25  ft.  thick,  occurs  1.5  ft.  b«  low 
top  of  unit.  5 . 50 

182  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  dusky-yellow  (5Y6/4). 

Massive.  Spheroidal  weathering.  2.0 

181  Siltstone,  fine-grained,  dark-yellowish-gray  (5Y6/2).  Massive;  pencil  fractures. 

Basal  1.67  ft.  is  coarse-grained  siltstone,  dusky-yellow  (5Y6/4).  14.67 

180  Quartz  conglomerate;  granule-sized  fragments.  0.33 

179  Siltstone,  fine-grained,  dusky-yellow  (5Y6/4).  Fissile.  1.5 

178  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dark-yellowish-gray 

(5Y6/2).  Massive;  spheroidal  weathering.  2.0 
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Thickness 

Lithologic  description  (feet) 

Shale,  dusky-yellow  (5Y6  4).  Fissile;  pencil  fractures.  3.58 

Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dusky-yellow  (5Y6  4). 

A 0.16-ft. -thick  bed  of  quartz  conglomerate  in  a sandstone  matrix  occurs  1.33  ft. 
above  base  of  unit.  4.99 

Shale,  dusky-yellow  (5Y5/4).  Fissile.  1.0 

Siltstone,  coarse-grained,  light-olive-gray  (5Y6/1).  Massive.  0.42 

Shale,  dusky-yellow  (5Y5'4).  Fissile.  0.33 

Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  Massive.  0.25 

Shale,  olive-gray  (5Y4  1).  Fissile;  pencil  fractures.  5.0 

Siltstone,  medium-grained,  medium-light-olive-gray  (5Y5  1).  Massive;  spheroidal 
weathering.  2.5 

Siltstone,  medium-grained,  dark-yellowish-gray  (5Y6  2).  1.25 

Siltstone,  medium-  to  coarse-grained,  dusky-yellow  (5Y 6/4).  Fissile;  pencil  fractures.  2 . 0 

Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  Massive;  spheroidal  weathering.  1.0 

Siltstone,  medium-grained,  dark-yellowish-gray  (5Y6/2).  Fissile,  fractures  into 
pencil  shapes.  3.0 

Sandstone,  very  fine  grained,  light-olive-gray  (5Y6/1).  Massive.  3.67 

Shale,  dark-yellowish-gray  (5Y6  2).  Fissile.  0.58 

Siltstone,  coarse-grained,  dusky-yellow  (5Y'6/4).  Massive;  spheroidal  weathering.  2.0 

Shale,  pale-yellowish-brown  (10YR6  2).  Fissile.  1.0 

Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6  2).  Massive;  spheroidal 
weathering.  6.0 

Shale,  dusky-yellow  (5Y5'4).  Fissile.  1.0 

Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dark-yellowish-gray 
(5Y6/2).  Spheroidal  weathering.  0.75 

Siltstone,  fine-  to  medium-grained,  light-olive-gray  (5Y5/2}.  Fractures  into  pencil 
shapes.  11.5 

Siltstone,  fine-grained,  olive-gray  (5Y4/1).  4.67 

Siltstone,  fine-grained,  medium-dark-greenish-gray  {5GY"5/1).  Massive.  1.33 

Siltstone,  medium-grained,  light-olive-gray  (5Y5/2).  9.0 

Siltstone,  medium-  to  coarse-grained,  light-olive-gray  (5Y6/1).  Massive;  spheroidal 
weathering.  1.5 

Siltstone,  fine-grained,  medium-light-olive-gray  (5Y4/2).  2.33 

Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6'2).  Upper  0.67  ft.  fractures  to 
pencil  shapes.  6.67 

Siltstone,  fine-  to  medium-grained,  dark-yellowish-gray  (5Y6/2).  Fissile.  0.83 

Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6  2).  8.5 

Siltstone,  fine-grained,  dusky-yellow  (5Y6,  4).  Fractured.  3.0 

Covered.  3 . 0 

Siltstone,  fine-grained,  light-olive-gray  (5Y5,  2).  Fractures  to  pencil  shapes.  2.0 

Covered.  1.0 

Siltstone,  medium-grained,  dark-yellowish-gray  (5Y6/2).  Spheroidal  weathering.  0.33 

Siltstone,  fine-grained,  greenish-gray  (5Y'6  1).  Fractured.  2.0 

Siltstone.  fine-grained,  grayish-olive  (,10Y6/2).  Covered.  1.5 

Covered.  2.0 

Siltstone,  coarse-grained,  light-olive-gray  (5Y’'6,  1).  Load  casts  surrounded  by  fine- 
grained siltstone,  grayish-olive  (10Y4/2).  8.25 

Siltstone,  fine-grained,  greenish-gray  (5GY6  1).  3.0 

Siltstone,  medium-grained,  greenish-gray  (5GY'6  1).  0.75 

Covered.  3.0 

Siltstone,  coarse-grained,  light-olive-gray  (5Y6/1).  Massive.  Upper  1.5  ft.  has 
spheroidal  weathering.  3.0 

Siltstone,  medium-grained,  greenish-gray  (5GY6  1).  2.75 

Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  Massive;  spheroidal  weathering.  3.33 

Siltstone,  fine-grained,  light-grayish-olive  {10Y5/2).  Incipient  fissility.  3.0 

Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  1.67 

Siltstone,  medium-grained.  Upper  half  is  greenish  olive  (lOY'4/2)  and  fissile.  Lower 
half  is  medium-dark-greenish  gray  {5GY6  1)  and  massive.  1.0 

Siltstone,  medium-grained,  medium-light-bluish-gray  (5B6  1).  4.58 

Siltstone,  medium-  to  coarse-grained,  medium-light-olive-gray  (5Y5/1).  Massive.  1.0 

Siltstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Blocky  fracture.  2.5 

Siltstone,  medium-grained,  medium-light-gray  (N6).  0.75 

Siltstone,  medium-  to  coarse-grained,  medium-light-gray  (N6).  Load  casts.  4.16 

Siltstone,  fine-grained,  medium-light-bluish-gray  (5B6  1).  Massive.  4.16 

Siltstone,  medium-  to  coarse-grained,  medium-light-bluish-gray  (5B6,  1).  Massive.  2.0 

Siltstone,  fine-grained,  medium-dark-greenish-gray  (5GY6/1).  1.5 

Siltstone,  coarse-grained,  light-olive-gray  (5Y"6  1).  Massive;  spheroidal  weathering.  1.0 

Siltstone,  coarse-grained,  light-bluish-gray  (5B7/1).  1.33 

Siltstone,  fine-grained,  dark-greenish-gray  (5GY4  1).  Fissile.  0.5 

Siltstone,  coarse-grained,  light-bluish  gray  (5B7  1).  1.16 

Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-light-gray  (N6). 

Massive.  0.83 

Siltstone,  fine-  to  medium-grained,  medium-light-bluish-gray  (5B6/ 1).  Massive.  2.0 
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Thickness 

Unit  Lithologic  description  {feet) 

122  - Sandstone,  very  fine  grained,  medium-gray  (N5),  massive,  alternating  with  siltstone, 

fine-grained,  dark-greenish-gray  (5GY4/1),  fissile.  Eleven  alternating  0.5-ft.  beds  of 
fissile  siltstone  and  massive  sandstone.  5.5 

121  Siltstone,  fine-  to  medium-grained,  medium-light-olive-gray  (5Y5/1).  Massive;  load 

casts.  16.0 

120  Siltstone,  medium-grained,  medium-gray  (N5).  4.0 

119  Siltstone,  medium-  to  coarse-grained,  dark-yellowish-gray  (5Y6/2).  Fractures  into 

pencil  shapes  in  the  lower  2 ft.  5,0 

118  Sandstone,  very  fine  grained,  moderate-yellowish-brown  (10YR5  ^4).  6.0 

117  Siltstone,  fine-grained,  moderate-dusky-yellow  {5Y5/4).  Fractures  into  pencil  shapes.  2.0 

116  Siltstone,  medium-grained,  dark-yellowish-gray  {5Y6/2).  1.83 

115  Siltstone,  medium-  to  fine-grained,  moderate-dusky-yellow  (5Y5/4).  Fractures  into 

pencil  fragments.  8.0 

114  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  pale-yellowish-brown 

(10YR6/2).  Massive.  (End  of  third  culvert.)  0.75 

113  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  Incipient  pencil-shaped 

fractures.  8.5 

112  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6/1). 

Massive.  11.5 

111  Shale  to  siltstone,  fine-grained,  dark-greenish-gray  (5G4/1).  Upper  1 ft.  has  incipi- 
ent fissility.  3.16 

110  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4/1).  Fracture  cleavage.  0.83 

109  Siltstone,  medium-grained,  medium-light-gray  (N6).  1.67 

108  Siltstone,  fine-grained,  medium-gray  (N5).  4.0 

107  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-light-gray  (N6). 

Spheroidal  weathering.  0.67 

106  Siltstone,  medium-  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Blocky 

fracture.  2.0 

105  Siltstone,  medium-grained,  medium-light-bluish-gray  (5B6/1).  0.75 

104  Siltstone,  fine-grained,  medium-gray  (N5).  Massive.  2.5 

103  Siltstone,  fine-grained,  medium-dark-gray  (N4).  1.0 

102  Siltstone,  fine- to  medium-grained,  medium-dark-greenish-gray  (5G5/1)  to  medium- 

light-gray  (N6).  Base  of  unit  marked  by  spheroidal  forms.  9.5 

101  Siltstone,  medium-grained,  medium-light-gray  (N6),  massive,  interbedded  with  8 

units  of  siltstone,  fine-grained,  light-olive-gray  (5Y5/2).  Fissile.  12.0 

100  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  Spheroidal  forms  in 

middle  third.  4.0 

99  Siltstone,  medium-  to  coarse-grained,  medium-light-gray  (N6).  Massive  with 

spheroidal  weathering.  2.5 

98  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y4/2).  0.91 

97  Siltstone,  medium-grained,  medium-light-olive-gray  (5Y5/1).  1.16 

96  Siltstone,  medium-  to  fine-grained,  light-bluish-gray  (5B7/1).  Massive.  5.0 

95  Siltstone,  medium-grained,  medium-light-gray  (N6).  Massive;  spheroidal  weathering.  1 . 83 

94  Siltstone,  medium-grained,  medium-dark-greenish-gray  (5G5/1).  Massive.  4.0 

93  Siltstone,  coarse-grained,  medium-light-bluish-gray  (5B6/1).  Massive;  spheroidal 

weathering.  1.83 

92C  Siltstone,  fine-  to  medium-grained,  medium-dark-greenish-gray  (5GY5/1).  0.92 

92B  Siltstone,  coarse-grained,  medium-light-olive-gray  (5Y5/1).  0.25 

92A  Siltstone,  medium-  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  0.16 

91  Siltstone,  coarse-grained,  greenish-gray  (5GY6/1).  1.0 

90  Siltstone,  coarse-grained,  medium-light-olive-gray  (5Y5/1).  1.0 

89  Siltstone,  medium-grained,  medium-dark-greenish-gray  (5GY5/1).  1.33 

88E  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  medium-light-olive-gray 

{5Y5/1).  0.5 

88D  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  medium-light-olive-gray 

(5Y5/1).  Contains  crinoid  fragments.  0.16 

88C  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  medium-light-olive-gray 

(5Y5/1).  0.16 

88B  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  medium-light-olive-gray 

(5Y5/1).  Contains  crinoid  fragments.  0.16 

88A  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  medium-light-olive-gray 

(5Y5/1).  0.33 

87G  Siltstone;  crinoid  fragments;  bed  leached.  0.16 

87F  Siltstone.  1.75 

87E  Siltstone;  crinoid  fragments;  bed  leached.  0.33 

87D  Siltstone.  1.58 

87C  Siltstone;  crinoid  fragments;  bed  leached.  0.42 

87B  Siltstone.  5.33 

87 A Siltstone;  crinoid  fragments;  bed  leached.  0.16 

86F  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  light-olive-gray  (5Y6/1).  0.5 

86E  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  0.33 
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86D  Siltstonf,  medium-  to  coarse-grained,  to  sandstone,  very  fine  grained,  medium- 

light-olive-gray  (5Y5  1).  0.42 

86C  Siltstone,  tine-grained,  medium-light-olive-gray  (5Y5  1).  0.25 

86B  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  light-olive-gray  (5Y6  1).  0.16 

86A  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5  1).  0.25 

85  Sandstone,  very  fine  grained,  light-olive-gray  (5Y6  1).  Massive.  1.25 

84  Alternating  beds  of  shale,  each  0.25  ft.  thick,  dusky-yellow  (5Y5/4),  and  siltstone, 

coarse-grained,  dark-yellowish-gray  (5Y6  2),  massive.  7.75 

83  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-light-olive-gray 
(5Y5  1).  Leached  zone  of  crinoid  imprints,  0.75  ft.  thick,  occurs  0.5  ft.  above  base. 

Load  casts  near  base.  5.58 

82  Siltstone,  fine-grained,  medium-light-olive-gray  {5Y'5  1).  Incipient  fissility  and 

fracture  cleavage.  3.0 

81  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  0.83 

SOD  Siltstone,  coarse-grained,  greenish-gray  (5GY6  1).  0.67 

80C  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4  1).  0.8 

SOB  Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  Crinoid  imprints;  bed  leached.  0.5 

80A  Shale,  grayish-olive  (10Y4  2).  Incipient  fi.ssility  and  fracture  cleavage.  3.08 

79  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6  1). 

Massive  with  spheroidal  weathering.  2.0 

78  Shale  and  siltstone,  coarse-grained,  pale-olive  (10Y6,  2).  Interbedded;  incipient 

fissility.  0.67 

77  Siltstone,  coarse-grained,  pale-orange-brown  (10YR7  2).  Massive.  1.5 

76B  Siltstone,  medium-grained,  medium-light-gray  (N6).  12.0 

76A  Shale  to  siltstone,  fine-grained,  very  dark  greenish  gray  (10Y5  6).  5.0 

75C  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6/1). 

Massive.  3.5 

75B  Siltstone,  fine-grained,  olive-gray  (5Y4-  1).  Incipient  fissility.  2.33 

75A  Siltstone,  coarse-grained.  Medium-olive-gray  (5Y5.  1).  Massive.  0.8 

74  Siltstone,  fine-grained,  grayish-olive  (10Y4  2).  Incipient  fissility.  0.67 

73  Sandstone,  very  fine  grained,  light-olive-gray  (5Y6  1).  Sandstone  has  interbedded 

leached  zones  containing  crinoids.  11.91 

72B  Siltstone,  medium-grained,  greenish-gray  (5GY6  1).  Top  at  middle  of  second 

culvert.  9.0 

72A  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  3.0 

71  Shale,  grayish-olive  (10Y4  2).  Incipient  fissility.  Fracture  cleavage.  2.5 

70  Siltstone,  medium-  to  coarse-grained,  medium-light-olive-gray  (5Y5/1).  Load  casts 

surrounded  by  fine-grained  siltstone,  dark-grayish-olive  (10Y3  2).  19.0 

69  Siltstone,  medium-grained,  greenish-gray  (5G6  1).  Massive.  3.5 

68  Siltstone,  medium-grained,  medium-greenish-gray  (5GY5  1).  8.0 

67  Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6/2).  Incipient  fissility.  Fracture 

cleavage.  2 . 5 

66  Siltstone,  coarse-grained,  greenish-gray  (5G6  1).  Load  casts  surrounded  by  siltstone, 

greenish-gray  (5GY6  1).  12.0 

65B  Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1).  Incipient  load  cast  surrounded 

by  fine-grained  siltstone.  Rotated  fossil  horizon.  13.5 

65A  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5  1).  Incipient  fissility.  4.5 

64B  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-dark-greenish- 

gray  15GY5  1).  1.42 

64A  Sandstone,  very  fine  graiiU'd,  to  siltstone,  coarse-grained,  medium-dark-greenish- 
gray  (5GY5 ' 1).  Massive.  Fine-  to  medium-grained  siltstone  in  top  0.25  ft.,  massive, 
leached,  contains  crinoids.  15.08 

63  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4  1).  Fissile;  fracture  cleavage.  1.0 

62  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  greenish-gray  (5GY6  1) 
to  medium-dark-greenish-gray  {5GY5/1).  Spheroidal  weathering.  Medium-grained 
siltstone  (massive,  6 ft.  thick)  located  2 ft.  above  base  of  unit.  12.0 

61  Siltstone,  fine-  to  medium-grained,  greenish-gray  (5GY6'1)  to  medium-light- 

greenish-gray  (5G7,  1).  Leached  in  0.16-ft. -thick  zone,  1.58  ft.  below  top.  Crinoid 
fragments.  4.29 

60  Siltstone,  medium-grained,  medium-dark-greenish-gray  (5GY5  1).  Massive.  1.83 

59  Siltstone,  fine-grained,  grayish-olive  {10Y4  2).  Incipient  fissility.  0.91 

58  Siltstone,  medium-grained,  medium-light-gray  (N6).  Massive.  Lower  3 in.  is  leached 

and  has  crinoid  columnals.  0.75 

57  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6/1) 

to  medium-light-gray  (N6).  Leached;  has  crinoid  imprints  0.8  ft.  above  base.  4.47 

56  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6  1). 

Lower  4 in.  leached.  0.75 

55  Siltstone,  coarse-  and  fine-grained.  Fine-grained  portion  is  medium-greenish  gray 

(5G5/1).  Coarse-grained  portion  is  greenish  gray  (5G6,  1).  4.33 

54  Siltstone,  coarse-grained,  light-yellowish-gray  (5Y6  2).  0.75 

53  Siltstone,  fine-grained,  grayish-olive  (10Y4- 2).  0.83 

52  Sandstone,  very  fine  grained,  olive-gray  (5Y4  1).  Leached  in  lower  1.25  ft.;  crinoid 

columnals  in  lower  0.5  ft.  1.83 
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51  Shale,  grayish-olive  (10Y4/2).  Fracture  cleavage.  1.0 

50  Sandstone,  very  fine  grained,  medium-light-gray  (N6).  3.33 

49  Shale,  pale-grayish-olive  (10Y5/2).  Fissile.  0.25 

48  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  greenish-gray  (5GY6/1). 

Massive.  7.0 

47  Shale,  light-grayish-olive  (10Y5/2).  Fissile,  fractured.  A 0.25-ft. -thick  bed  of  very 
fine  grained  sandstone  to  coarse-grained  siltstone,  light-olive-gray  (5Y5/2),  massive, 
occurs  0.67  ft.  above  base.  2.16 

46  Sandstone,  very  fine  grained,  and  siltstone,  coarse-grained,  greenish-gray  (5GY6/1).  4.58 

45  Shale,  dusky-yellow  (5Y5,/4).  1.0 

44B  Sandstone,  very  fine  grained,  dark-greenish-gray  (5YR4/1).  14.08 

44A  Sandstone,  very  fine  grained,  light-olive-gray  (5Y5/2).  Partly  covered.  26.29 

43  Sandstone,  very  fine  grained,  dusky-yellow  (5Y6/4;,  in  upper  2 ft.  Lower  part  is 

shale,  light-olive-gray  (5Y5/2),  fissile.  5.42 

42  Equally  spaced,  alternating  beds  of  siltstone,  coarse-  and  fine-grained,  each  1.25  ft. 
thick.  Fine-grained  siltstone  is  light-grayish  olive  (10Y5/2).  Coarse-grained  siltstone 
is  pale  olive  (10Y6/2).  5.0 

41  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y4/2).  2.67 

40D  Siltstone,  coarse-grained,  medium-light-olive-gray  (5Y4/2).  Massive.  0.58 

40C  Siltstone,  fine-grained,  to  shale,  medium-light-olive-gray  (5Y4/2).  Incipient  fissility; 

pencil  fractures.  0.33 

40B  Siltstone,  coarse-grained,  medium-light-olive-gray  (5Y4/2).  Massive.  0.67 

40A  Siltstone,  fine-grained,  to  shale,  medium-light-olive-gray  (5Y4/2).  Fissile;  pencil 

fractures.  0.33 

39  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  medium-light-olive-gray 

(5Y5/1).  Massive.  1.83 

38  Siltstone,  fine-grained,  olive-gray  (5Y4/1).  3.33 

37  Sandstone,  very  fine  grained,  medium-light-olive-gray  (5Y5/1).  Massive.  1.0 

36  Siltstone,  fine-grained,  to  shale,  pale-olive  (10Y6/2).  Fissile.  A 0.75-ft. -thick  bed  of 
very  fine  grained  sandstone  to  coarse-grained  siltstone,  moderate-dusky-yellow 
(5Y5/4),  occurs  0.5  ft.  above  base.  Massive.  4.0 

35  Sandstone,  very  fine  grained,  light-yellowish-gray  (5Y6/2).  Massive.  A 0.67-ft.- 

thick  leached  bed  containing  crinoid  columnals  occurs  2.33  ft.  above  base.  4.33 

34  Siltstone,  fine-grained,  to  shale,  dusky-yellow  (5Y6/4).  Fissile.  Interbedded.  2.0 

33  Sandstone,  very  fine  grained,  greenish-gray  (5Y6/ 1).  3.5 

32  Siltstone,  fine-grained,  to  shale,  dusky-yellow  (5Y5/4).  Fissile  and  fractured. 

Partly  covered.  24.45 

31  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  dusky-yellow  (5Y6/4). 

Massive.  A 0.92-ft.-thick  bed  of  fine-grained  siltstone  to  shale,  grayish-dusky- 
yellow  (5Y7/4),  fissile,  occurs  0.13  ft.  above  base.  3.97 

30  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  dusky-yellow  (5Y5/4). 

A conglomerate  zone  of  angular  and  glassy  quartz  fragments  up  to  5 mm  in  diameter 
occurs  0.33  ft.  above  base.  4.22 

29  Siltstone,  fine-grained,  dusky-yellow  (5Y6/4).  Fissile,  fractured.  Deeply  weathered.  6.45 

28  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  greenish-gray  (5Y6/1).  4.5 

27  Siltstone,  fine-  to  medium-grained,  moderate-olive-brown  (5Y4/4).  Fissile  and 

fractured.  9.27 

26  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1).  Leached  near 

top.  11.0 

25  Shale,  dusky-yellow  (5Y5/4).  Fissile  and  fractured.  9.26 

24  Sandstone,  very  fine  grained,  dark-yellowish-gray  (5Y6/2).  6.76 

23  Sandstone,  very  fine  grained,  dark-yellowish-gray  (5Y6/2).  Massive.  3.0 

22  Sandstone,  very  fine  grained,  dark-grayish-yellow  (5Y7/41.  Lower  half  very  light 

gray  (N8),  contains  plant  imprints.  Partly  covered.  8.45 

21  Sandstone,  fine-grained,  dark-yellowish-gray  (5Y6/2).  11.8 

20  Shale,  dusky-ytllow  (5Y5/4).  Fissile.  Mainly  covered.  6.0 

19  Siltstone,  fine-  to  medium-grained,  grayish-olive  tlOY4/2}.  Fissile  and  fractured.  1.16 

18*  Siltstone,  coarse-grained,  greenish-gray  (5GY6/ 1).  Massive.  Base  rests  directly  upon 

top  of  Walcksville  Member.  1.16 


Total  963.15 

* Original  units  1-17  included  in  this  member  during  field  measurement  are  part  of  the  underlying  Walcks- 
ville Member. 

SECTION  12 

LONG  RUN  MEMBER  OF  CATSKILL  FORMATION 


Type  section  of  the  Long  Run  Member  of  Catskill  Formation,  located  in  part  along 
U.S.  Route  209  and  in  part  in  cuts  of  the  former  railroad  just  east  of  and  below  U.S. 
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Route  209  on  the  west  bank  of  the  Lehigh  River  (Figure  101).  Cummings  School  at 
Packerton  stands  on  a hill  west  of  the  roadcuts  and  railroad  cuts.  Base  of  section  is 
6,500  feet  north  of  latitude  40°50'  and  1,500  feet  west  of  longitude  75°42'30''.  Section 
measured  by  J.  D.  Glaeser. 

Units  with  C prefix  were  measured  on  U.S.  Route  209  just  north  of  Beaverdam  Run. 
LTnits  with  D prefix  were  measured  along  railroad  cuts  just  east  of  U.S.  Route  209. 
Units  D-83-77  were  measured  on  LT.S.  Route  209.  Units  with  E prefix  were  measured 
along  railroad  cuts  just  east  of  U.S.  Route  209. 

Thickness 

Unit  Lithologic  description  {feet) 

E-195  Siltstone,  fine-grained,  grayish-red  (5R4  2).  0.67 

E-194  Shale,  dark-grayish-red  (5R3.  2).  Massive.  Incipient  fissility.  6.08 

E-193  Shale,  dark-grayish-red  f5R3  2).  Fissile.  5.67 

E-192  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  red.  Leached-  Massive.  8.96 

E-191  Sandstone,  very  fine  grained,  to  siltstone,  coarse-  to  medium-grained,  grayish-red 

(5R4  2).  Incipient  fissility.  1.5 

E-190C  Siltstone,  coarse-grained,  brownish-gray  (5YK4/1).  3.33 

E-190B  Siltstone,  coarse-grained,  medium-light-brownish-gray  (5YR5  1).  8.0 

E-190A  Sandstone,  very  fine  grained,  greenish-gray  {5G Y6  1 }.  No  break  in  lithology,  grades 

into  B.  1.67 

E-189  Sandstone,  very  fine  grained,  platy  to  fissile,  greenish-gray  (5GY6  1).  0.5 

E-188  Sandstone,  very  fine  grained,  pale-olive  (10Y6  2).  2.41 

E-187  Sandstone,  medium- to  coarse-grained,  greenish-gray  {5GY6  1).  Blocky.  10.0 

E-186  Sandstone,  fine-  to  medium-grained,  medium-bluish-gray  (5B5/1).  Massive.  6.33 

E-185  Siltstone,  medium-grained,  medium-reddish-brown  (10R4  4).  Massive.  3.0 

E-184  Siltstone,  fine-  to  medium-grained,  grayish-red  {10R4  2).  Individual  beds  wedge 

out.  3.0 

E-183  Siltstone,  medium-grained,  grayish-red  (10R4  2).  Massive.  1.67 

E-182  Siltstone,  medium-grained,  grayish-red  (10R4  2).  2.5 

E-181  Shale,  grayish-red  {5R4  2).  Incipient  fissility.  3.0 

E-180  Siltstone,  medium-grained,  grayish-red  (10R4  2).  2.0 

E-179  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2).  10.0 

E-178  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  Massive.  Leached  at  top.  Basal 

0.16  ft.  is  sandstone,  very  fine  grained,  moderate-brown  (5YR4  4).  1 . 66 

E-177  Siltstone,  fine- to  medium-grained,  dusky-red  (5R3  4).  Incipient  fissility.  1.33 

E-176  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  Massive.  Leached  in  the  lower 

0.75  ft.  4.16 

E-175  Shale,  dark-reddish-brown  (10R3  4),  interbedded  with  siltstone,  coarse-grained  to 
sandstone,  very  fine  grained,  grayish-red  (5R4  2).  Sandstone  and  siltstone  massive; 
shale  fissile.  5.89 

E-174B  Sandstone,  fine-grained,  grayish-red  (5R4  2)  to  greenish-gray  (5YR6  1).  11.0 

E-174A  Sandstone,  medium-grained,  greenish-gray  {5GY6  1),  grades  into  unit  174B.  13.0 

E-173  Covered.  6.67 

E-172  Sandstone,  very  finegrained,  dark-greenish-gray  (5GY4  1).  Massive.  5.0 

E-171  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5Gy5  1).  7.0 

E-170  Siltstone,  coarse-grained,  greenish-gray  (5Y6  1 ).  Incipient  fissility.  1.67 

E-169  Sandstone,  very  fine  grained,  dark-greenish-gray  (5G4  1).  Basal  0.67  ft.  leached, 
moderate-yellowish-brown  (5YR5  4).  Zone  contains  shale  fragments,  less  than 
4 mm,  greenish-gray  (5G6'1).  7.0 

E-168  Shale,  medium-dark-greenish-gray  (5GY5  1).  0.25 

E-167  Shale,  dusky-red  (5R3/ 4).  Incipient  fissility.  18.6 

E-166  Covered.  2.0 

E-165  Shale  to  siltstone,  fine-grained,  moderate-red  (5R4,  4).  Incipient  fissility.  7.0 

E-164  Siltstone,  fine-grained,  medium-reddish-brown  (10R4  4).  4.33 

E-163  Siltstone,  fine-  to  medium-grained,  dusky-moderate-red  (5R4  4).  3.67 

E-162  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  9.33 

E-161  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  10.0 

E-160  Siltstone,  fine-grained,  dark-grayish-red  (5R3/2).  Flaggy.  3.58 

E-159  Siltstone,  coarse-grained,  massive,  grayish-red  (5R4  2).  Massive.  0.75 

E-158  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4/2). 

Massive.  6.25 

E-157  Siltstone  and  shale,  fine-grained,  fissile,  grayish-red  (10R4,  2).  0.67 

E-156  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  Massive.  1.33 

E-155  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Platy.  More  compact  than  other  fine 

sediments  up  to  this  unit.  23.5 

E-154  Siltstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Incipient  fissility.  5.33 

E-153  Siltstone,  medium-grained,  light-grayish-red  (5115/2).  Upper  0.25  in.  is  fine-grained 

siltstone,  mixed  greenish-gray  (5GY6,  1)  and  grayish-red  (5R4  2).  3.03 

E-152  Sandstone,  fine-grained,  medium-light- gray  (N6).  13.0 

E-151  Covered.  29.6 

E-150  Sandstone,  fine-grained,  dusky-yellow  (5Y5  4).  25.0 

E-149  Shale,  medium-light-olive-gray  (5Y5/1).  Incipient  fissility.  5.33 

E-148  Shale  to  siltstone,  fine-grained,  grayish-red  (5R4,  2).  12.0 
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E-147C  Siltstone,  fine-  to  medium-grained,  medium-dark-greenish-gray  (5G5/1).  Break  in 

oolor  but  not  in  bedding.  2.0 

E-147B  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  greenish-gray  (5G6/1).  2.5 

E-147A  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5G6'  1).  5.5 

E-146  Covered.  25.2 

E-145  Sandstone,  medium-grained,  yellowish-gray  (5Y7/2).  11.0 

E-144  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Prominent  fracture  cleavage.  4.16 

E-143B  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (10R4/2).  6.25 

E-143A  Sandstone,  fine-  to  very  fine  grained,  light-brownish-gray  (5YR6/1).  10.75 

E-142  Sandstone,  medium-  to  fine-grained,  greenish-gray  (5GY6  1).  Massive.  8.0 

E-141  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4/1).  13.0 

E-140  Sandstone,  very  fine  to  fine-grained,  medium-light-greenish-gray  (5GY7/1).  2.33 

E-139  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  greenish-gray  (5G6/1).  16.5 

E-138  Siltstone,  fine-  to  medium-grained,  moderate-red  (5R4/4).  Fracture  cleavage.  14.0 

E-137  Siltstone,  fine-grained,  grayish-red  (10R4- 2).  5.83 

E-136  Covered.  8.15 

E-135  Siltstone,  fine-  to  medium-grained,  grayish-red  (10R4,  2).  Fracture  cleavage.  26.0 

E-134  Siltstone,  coarse-grained,  light-grayish-red  t5R5.  2).  3.33 

E-133  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  greenish-gray  (5GY6/1).  4.16 

E-132  Shale,  medium-dark-greenish-gray  (5GY5/1).  Fissile.  1.5 

E-131  Shale  to  siltstone,  fine-grained,  grayish-red  (5R4  2).  17.0 

E-130  Sandstone,  fine-  to  medium-grained,  medium-dark-greenish-gray  (5G5/1).  22.0 

E-129  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5G6/1).  Massive.  9.0 

E-128  Siltstone,  coarse-grained,  greenish-gray  (5GY6/1).  Incipient  fissility.  0.25 

E-127  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5GY6/1).  Massive.  12.0 

E-126  Sandstone,  very  fine  grained,  greenish-gray  (5GY6/ 1).  3.0 

E-125  Shale,  medium-dark-greenish-gray  (5GY5/1).  1.0 

E-124  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Incipient  fracture  cleavage.  1.67 

E-123  Siltstone,  medium-grained,  grayish-red  {5R4  2).  6.0 

E-122  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  Massive.  1.83 

E-121  Siltstone,  coarse-grained,  light-grayish-red  (5R5,  2).  Massive.  11.5 

E-120  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Incipient  fracture  cleavage.  12.0 

E-119  Siltstone,  medium-grained,  grayish-red  (10R4.2).  Massive.  0.75 

E-118  Shale,  dusky-moderate-red  (5H4  4).  Incipient  fracture  cleavage.  1.16 

E-117  Siltstone,  medium-grained,  light-grayish-red  (5R5/2).  Massive.  0.5 

E-116  Shale,  grayish-red  (5R4  2).  Fracture  cleavage.  9.0 

E-115  Siltstone,  fine-grained,  grayish-red  {5R4/2).  Massive.  3.6 

E-114  Siltstone,  fine-grained,  dusky-red  (5R3/4).  Fracture  cleavage.  74.3 

E-113  Covered.  141.0 

E-112  Siltstone,  fine-grained,  dusky-red  (5R3  4).  Fracture  cleavage.  34.0 

E-lil  Siltstone,  fine-grained,  moderate-red  (5R4/4).  Massi^/e.  1.83 

E-110  Siltstone,  fine-grained,  grayish-red  (10R4  2).  Incipient  fissility.  1.0 

E-109  Covered.  8.0 

E-108  Siltstone,  fine-grained,  grayish-red  (5R4,2).  Fracture  cleavage.  10.0 

E-107  Siltstone,  medium-grained,  light-grayish-olive  (10Y5/2).  8.0 

E-106  Sandstone,  fine-grained,  greenish-gray  (5G6/ 1).  6.5 

E-105  Covered.  12.0 

E-104  Sandstone,  very  fine  grained  to  fine-grained,  greenish-gray  (5GY6/1).  18.0 

E-103  Covered.  12.0 

E-102  Siltstone,  fine-grained,  grayish-red  (5R4/ 2).  4.0 

E-101  Shale,  moderate-red  (5R4,  4).  Incipient  fissility.  1.33 

E-lOO  Siltstone,  fine-grained,  grayish-red  (5R4/2).  2.5 

E-99  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2).  Fissile.  6.0 

E-98  Sandstone,  medium-  to  fine-  to  very  fine  grained,  graded,  pale-olive  (10Y6/2}. 

Upper  2.5  ft.  is  medium-light-brownish  gray  (5YR5/ 1).  9.0 

E-97  Shale,  greenish-gray  (5G6/  1).  Platy  and  fissile.  5.0 

E-96  Sandstone,  fine-grained,  greenish-gray  (5GY6  1).  1.33 

E-95  Shale  to  siltstone,  fine-grained,  grayish-red  (5R4/2).  26.0 

E-94  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2).  Fissile.  3.5 

E-93  Siltstone,  fine-grained,  dusky-moderate-red  (5R4/ 4).  Prominent  fracture  cleavage.  11.0 

E-92  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dark-reddish-brown 

(10R3/4).  5.0 

E-91  Shale,  dark-reddish-brown  (10R3  4}.  3.0 

E-90  Covered.  14.2 

E-89  Siltstone,  fine-grained,  dusky-moderate-red  (5R4, 4j.  10.0 

E-88  Siltstone,  fine-  to  medium-grained,  light-grayish-red  (5R5/2).  2.83 

E-87  Siltstone,  medium-grained,  dusky-moderate-red  (5R4/ 4).  13.0 

E-86  Siltstone,  medium-grained,  grayish-red  (5R4,  2).  Lower  0.67  ft.  is  very  fine  grained 

sandstone,  grayish-red  (10R4/2).  5.16 

E-85  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Fracture  cleavage.  4.41 

E-84  Sandstone,  fine-grained,  light-grayish-red  (5R5/2).  5.0 

E-83  Siltstone,  fine-grained,  grayish-red  (10R4/2).  2.33 

E-82  Shale,  dark-reddish-brown  (10R3  4).  Fissile.  2.5 

E-81  Sandstone,  fine-grained,  light-grayish-red  (5R5' 2).  11.0 
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E-80  Sandstone,  fine-  to  medium-grained,  medium-light-greenish-gray  (5GY7,  1).  Color 

transition  without  bedding  break  up  into  unit  E-81.  9.5 

E-79  Siltstone,  fine-grained,  grayish-red  (10R4/2).  Fissile  and  fracture  cleavage.  3.0 

E-78  Siltstone,  fine-grained,  dusky-red  (5R3  4).  Blocky.  3.16 

E-77  Siltstone,  fine-grained,  grayish-red  {5R4  '2).  1.67 

E-76  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Massive.  0.58 

E-75  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Lower  2 ft.  leached.  16.0 

E-74  Siltstone,  medium-grained,  dusky-moderate-red  (5R4  4).  3.0 

E-73  Siltstone,  fine-  to  medium-grained,  dusky-moderate-red  (5R4/4).  4.83 

E-72  Sandstone,  fine-grained,  grayish-red  (5R4  2).  3.16 

E-71  Siltstone,  fine-grained,  dusky-moderate-red  (5R4, 4)  and  pale-olive  (10Y6/2). 

Color  varies  along  bedding.  0.33 

E-70  Siltstone,  coarse-grained,  dusky-moderate-red  (5R4  4).  0.83 

E-69  Siltstone,  fine-grained,  dusky-moderate-red  (5R4'4).  Incipient  fracture  cleavage.  3.33 

E-68  Sandstone,  very  fine  grained,  grayish-red  (5R4/2).  1.75 

E-67  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4  / 2) . Incipient  fracture  cleavage.  3 . 58 

E-66  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  1.0 

E-65  Shale  to  siltstone,  fine-grained,  dusky-moderate-red  (5R4/4).  Fracture  cleavage; 

fissile.  2.0 

E-64  Siltstone,  medium-grained,  grayish-red  (5R4,2).  2.5 

E-63  Shale,  dusky-red  (5R3/4).  0.5 

E-62  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2).  Massive.  1.0 

E-61  Shale  to  siltstone,  fine-grained,  dusky-moderate-red  (5R4/4).  6.67 

E-60  Shale,  dark-reddish-brown  (10R3 '4).  Fracture  cleavage.  6.33 

E-59  Siltstone,  fine-  to  medium-grained,  grayish-red  {5R4/2).  1.67 

E-58  Siltstone,  fine-grained,  dusky-moderate-red  (5R4/4).  Fracture  cleavage.  2.0 

E-57  Shale  to  siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  0.67 

* E-56  Shale  to  siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Fracture  cleavage.  3.16 

E-55  Siltstone,  fine- to  medium-grained,  grayish-red  (5R4/2).  6.0 

E-54  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4/2).  2.33 

E-53  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Prominent  fracture  cleavage.  5.0 

E-52B  Siltstone,  fine-  to  medium-grained,  moderate-red  {5R5/4).  4.83 

E-52A  Sandstone,  very  fine  grained,  grayish-red  (5R4/2).  1.33 

E-51  Siltstone,  fine-grained,  light-olive-gray  (5Y6  1)  in  the  upper  half  and  grayish-red 

(5R4  2)  in  the  lower  half.  1.33 

E-50  Siltstone,  fine-grained,  grayish-red  (10R4  2).  Prominent  fracture  cleavage.  0.58 

E-49  Siltstone,  medium-grained,  grayish-red  (5R4  2).  Blocky.  1.33 

E-48  Silt.stone,  fine- to  medium-grained,  grayish-red  (5R4  2).  2.0 

E-47  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Upper  0.75  ft.  is  leached.  2.67 

E-46  Siltstone,  medium-grained,  grayish-red  (5R4/2).  8.0 

E-45  Siltstone,  fine-grained,  grayish-red  (10R4  2).  Fracture  cleavage.  20.0 

E-44  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4/2).  5.83 

E-43  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Incipient  fracture  cleavage.  7.33 

E-42  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4,  2).  0.75 

E-41  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4  2).  9.0 

E-40  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4  2).  1.67 

E-39  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2).  3.0 

E-38  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Prominent  fracture  cleavage.  1.33 

E-37  Siltstone,  fine-grained,  grayish-red  (5R4 -2).  4.83 

E-36  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Prominent  fracture  cleavage.  11.0 

E-35  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4  2). 

Siliceous  cement.  Massive.  5.33 

E-34  Siltstone,  medium-grained,  grayish-red  (10R4  2).  1.58 

E-33  Siltstone,  medium-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4  2). 

Massive.  1.26 

E-32  Siltstone,  fine-  to  medium-grained,  grayish-red  (10R4  2).  Fracture  cleavage.  4.0 

E-31  Sandstone,  very  fine  grained,  light-grayish-red  (5R5/2).  0.67 

E-30  Siltstone,  fine-  to  medium-grained,  pale-red  (5R6  2)  and  grayish-red  (5R4  2). 

Colors  interbedded.  2.5 

E-29  Sandstone,  fine-grained,  greenish-gray  (5GY6/1).  3.0 

E-28  Siltstone,  fine-  to  medium-grained,  light-olive  (10Y5/2).  Fissile.  0.41 

E-27  Sandstone,  fine-grained,  medium-light-olive-gray  (5Y5,  1).  Massive.  0.75 

E-26  Siltstone,  fine-grained,  medium-light-greenish-gray  (5GY7/1).  Incipient  fissility.  2.5 

E-25  Sandstone,  fine-grained,  greenish-gray  (5Y6  1).  Massive.  3.67 

E-24  Siltstone,  fine-grained,  greenish-gray  (5GY6  1).  Fissile.  0.67 

E-23  Sandstone,  fine-  to  medium-graine*d,  greenish-gray  {5GY6/  1).  13.5 

E-22  Shale,  light-olive  (1()Y5/ 2).  Prominent  fissility.  0.5 

E-21  Shale  to  siltstone,  fine-grained,  grayish-red  (10R4  2K  Prominent  fracture  cleavage.  2.0 

E-20  Siltstone,  medium-grained,  grayish-red  (5R4' 2).  1.0 

E-19  Siltstone,  fine-grained,  grayish-red  (5R4  2).  23.0 

E-18  Siltstone,  medium-grained,  grayish-red  (5R4/2).  3.58 

E-17  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  greenish-yellow  (10Y7/2). 

Graded  bed.  8.41 

E-16  Shale,  pale-olive  (lOYO  2).  Prominent  fracture  cleavage.  1.67 
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E-15  Siltstont,  fine-grained,  greenish-gray  (.5GY6  1). 

E-14  Siltstone,  medium-grained,  dusky-moderate-red  (5R4  4).  Prominent  fracture 
cleavage. 

E-13  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2). 

E-12  Shale  to  siltstone,  medium-grained,  grayish-red  (5R4/2).  Lower  1.75  ft.  fissile. 

Upper  6 ft.  fracture  cleavage. 

E-11  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  Blocky. 

E-10  Siltstone,  medium-grained,  light-grayish-olive  (10Y5  2).  Flaggy  to  fissile, 

E-9  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  dark-greenish-gray 
(5GY4  1). 

E-8  Siltstone,  medium-grained,  pale-olive  (10Y6/2).  Fracture  cleavage. 

E-7  Siltstone,  fine-grained,  grayish-red  (10R4/2). 

E-6  Siltstone,  fine-grained,  moderate-greenish-yellow  (10Y6.  4).  Incipient  fissility. 

E-5  Siltstone,  fin€>-grained,  grayish-red  (5R4  2).  Incipient  fissility. 

E-4  Siltstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1). 

E-3  Siltstone,  coarse-grained,  dark-yellowish-gray  (5Y6'2). 

E-2  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  pale-olive  (10Y6/2). 

E-1  Sandstone,  very  fine  grained,  dark-yellowish-gray  (5Y6/2). 

D-83  Covered. 

D-82  Siltstone,  medium-  to  coarse-grained,  gra.vish-red  (5R4/2).  Partly  exposed. 

D-8I  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  gray  to  green.  Flaggy  to 
massive. 

D-80  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  red. 

D-79  Sandstone,  gray-green. 

D-78  Siltstone,  coarse-  to  medium-grained,  red. 

D-77  Sandstone,  very  fine  grained,  to  siltstone,  medium-  and  coarse-grained,  red. 

D-76  Siltstone,  medium-  to  fine-grained,  grayish-red  (5R4  2). 

D-75  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-grayish-red  (5R5/2). 
D-74  Siltstone,  medium-  to  fine-grained,  dusky-moderale-red  {5R4/4). 

D-73  Siltstone,  medium-grained,  grayish-red  (5R4'2). 

D-72  Sandstone,  fine-  to  very  fine  grained,  grayish-red  (5R4  2).  Dominantly  fine  in  upper 
half. 

D-71  Sandstone,  fine-  to  very  fine  grained,  dark-yellowish-gray  (5Y6/2).  Massive. 

D-70  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Upper  0.25  in.  is  shale,  medi- 
um-light-greenish-gray  (5GY7  1).  Prominent  fissility. 

D-69  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Fracture  cleavage. 

D-68  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4). 

D-67  Siltstone,  fine-grained,  medium-reddish-brown  (10R4,/4).  Fracture  cleavage. 

D-66  Siltstone,  medium-grained,  grayish-red  (5R4  2). 

D-65  Shale,  grayish-red  (5R4'2).  Fissile. 

D-64  Siltstone,  fine-grained,  grayish-red  I5R4  2).  Incipient  fracture  cleavage. 

D-63  Sandstone,  very  fine  grained,  grayish-red  (5R4  2). 

D-62  Siltstone,  medium-  to  fine-grained,  dusky-moderate-red  {5R4,  4).  Prominent  frac- 
ture cleavage. 

D-61  Siltstone,  medium-grained,  grayish-red  (5R4,  2). 

D-60  Siltstone,  fine-grained,  dusky-moderate-red  (5R4/4).  Prominent  fracture  cleavage. 
D-59  Siltstone,  medium-grained,  light-grayish-red  (5R5/2i.  Massive. 

D-58  Shale,  dusky-moderate-red  (5R4,  4).  Prominent  fracture  cleavage. 

D-57  Siltstone,  medium-grained,  light-grayish-red  (5R5,'2).  Massive. 

D-56  Siltstone,  fine-grained,  to  shale,  moderate-red  (5R5/4). 

D-55  Siltstone,  fine-grained,  grayish-red  (5R4/2). 

D-54  Siltstone,  medium-  to  fine-grained,  to  shale,  grading  upward,  grayish-red  (5R4/2). 

Increasing  fissility  upward;  fracture  cleavage  more  apparent  upward. 

D-53  Sandstone,  very  fine  grained,  and  siltstone,  coarse-grained,  grayish-red  (5R4/2). 

D-52  Sandstone,  fine-  to  very  fine  grained,  medium-light-olive-gray  (5Y5/1).  Massive. 

D-51  Shale,  dusky-moderate-red  (5R4,4);  greenish  gray  (5GY6/1)  in  upper  half.  Frac- 
ture cleavage. 

D-50  Siltstone,  fine-grained,  grayish-red  (5R4/2). 

D-49  Siltstone,  fine-grained,  dusky-red  (5R3/4). 

D-48  Siltstone,  medium-grained,  grayish-red  (5R4/2). 

D-47  Shale,  greenish-gray  (5GY6,  1);  light-brownish  gray  (5YR6,  1)  in  upper  half- 
Prominent  fracture  cleavage. 

D-46  Siltstone,  coarse-grained,  greenish-gray  (5G6,  1). 

D-45  Shale,  greenish-gray  (5GY6/1).  Fissile;  fracture  cleavage. 

D-44  Siltstone,  coarse-grained,  dark-grayish-red  (5R3/2). 

D-43  Sandstone,  very  fine  grained,  greenish-gray  (5GY6/1). 

D-42  Pebble  conglomerate.  Matrix  is  greenish-gray  (5G6/lt  calcareous  mud.  Rounded 
dolomite  clasts,  dusky-yellowish-brown  (5YR2/2). 

D-41  Shale,  greenish-gray  (5G6/1).  Incipient  fracture  cleavage. 

D-40  Siltstone,  medium-  to  fine-grained,  grayish-red  (5R4/2).  Massive;  conchoidal 
fracture.  Upper  1.0  foot  is  shale.  Incipient  fracture  cleavage. 

D-39  Siltstone,  fine-grained,  to  shale,  grayish-red  (5R4/2).  Incipient  fissility. 

D-38  Siltstone,  medium-grained,  brownish-gray  (5YR4/1). 

D-37  Covered. 
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5.83 
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6.58 
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3.33 
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4.0 
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2.83 

3.0 

1.67 

1.25 
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12.0 

0.83 

1.25 

0.75 

3.0 

4.5 

5.83 
0.75 

11.0 

5.67 
12.0 

3.0 
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Thickness 

Unit  Lithologic  description  (feet) 

f D-36  Siltstone,  medium-grained.  Alternates  in  lower  9 in.  between  grayish-red  (5R4''2) 

and  light-olive-gray  (5Y6  1).  3.75 

■ D-35  Sandstone,  very  fine  grained,  greenish-gray  (5G6  1).  Lower  3 ft.  is  massive.  7.5 

! D-34  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5,.  1).  2.67 

; D-33  Shale,  pale-grayish-olive  (lfiY5  2).  Prominent  fracture  cleavage.  0.25 

D-32  Sandstone,  very  fine-grained,  greenish-gray  (5GY6  1).  Massive.  1.16 

, D-31  Siltstone,  fine-grained,  to  shale,  greenish-gray  (5GY6  1).  Prominent  fracture 

cleavage.  0.33 

; D-30  Sandstone,  very  fine  grained,  greenish-gray  (5GY6  1).  Massive.  1.58 

‘ D-29  Siltstone,  fine-grained,  to  shale,  greenish-gray  (5GY6/1).  0.67 

I D-28  Siltstone,  fine-grained,  to  shale,  light-olive-gray  (5Y5,  2).  Incipient  fracture  cleavage.  3.33 

! D-27  Siltstone,  fine-grained,  grayish-red  (5R4  2).  2.25 

i D-26  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Incipient  fissility.  1.33 

1 D-25  Siltstone,  medium-grained,  dusky-moderate-red  (5R4  4).  1.0 

I D-24  Siltstone,  fine-grained,  to  shale,  dusky-moderate-red  i5R4  4).  Fracture  cleavage.  8.0 

I D-23  Siltstone,  medium-grained,  grayish-red  (5R4  2).  Massive.  0.67 

D-22  Siltstone,  medium-grained,  moderate-red  (5R4  6).  Fracture  cleavage  developed  in 

scattered  parts  of  bed.  3.67 

D-21  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4).  Fracture  cleavage.  Lower  9 

in.  leached.  4 . 5 

D-20  Siltstone,  medium-grained,  grayish-red  (5R4  2).  4.33 

D-19  Siltstone,  fine-grained,  to  shale,  dusky-moderate-red  (5R4  4).  Upper  0.16  ft. 

leached.  2.0 

D-18  Siltstone,  medium-  to  fine-grained,  dusky-moderate-red  (5R4/4).  Weathers  into 

concretionary  forms.  2.0 

D-17  Siltstone,  fine-grained,  grayish-red  (5R4  2).  25.5 

D-16  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  2.67 

C-119B  Siltstone,  medium-grained,  grayish-red  (5R4,  2).  2.00 

C-119A  Sandstone,  very  fine  grained,  medium-light-brownish-gray  (5YR5  1).  4.83 

C-118  Siltstone,  coarse-graint^d,  grayish-red  (5R4  2)  and  light-olive-gray  (5Y6  1)  (color 

mixed).  0.67 

‘‘  C-117  Siltstone,  coarse-grained,  medium-light-greenish-gray  (5G7  1).  1.5 

C-116  Siltstone,  fine-grained,  light-olive-gray  (5G6  1).  Fracture  cleavage.  1.83 

C-115  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Fissile.  4.0 

C-114  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2).  2.0 

C-113  Siltstone,  medium-grained,  grayish-red  (5R4  2).  Fissile.  8.0 

) C-112  Siltstone,  medium-grained,  pale-grayish-red  (5R5  2).  0.83 

) C-111  Shale,  dusky-moderate-red  (5R4  4'.  Fissile.  1.33 

> C-110  Siltstone,  medium-grained,  grayish-red  (5R4  2).  0.75 

C-109  Shale  to  siltstone,  very  fine  grained,  dusky-moderate-red  (5R4,  4).  Fissile.  5.67 

C-108  Covered.  3.58 

C-107  Siltstone,  fine-grain('d,  grayish-red  (5R4  2).  7.0 

) C-106  Siltstone,  fine-graint'd,  grayish-red  (5R4  2).  Fissile:  fracture  cleavage.  7,5 

C-105  Siltstone,  medium-grained,  grayish-red  (10R4/2}.  Massive.  0.5 

C-104  Shale,  dusky-moderate-red  (5R4  4).  Fissile.  4.0 

C-103  Covered.  19.0 

C-102  Shale  to  siltstone,  very  fine  grained,  dusky-moderate-red  (5R4,  4).  Fissile;  fracture 

cleavage.  0.75 

) C-101  Siltstone,  fine-grained,  grayish-red  {5R4  2).  Massive.  0.83 

C-100  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4) . Fissile;  fracture  cleavage.  4.58 

C-99  Siltstone,  coarse-  to  medium-grained,  grayish-red  (5R4/2).  5.67 

C-98  Shale  to  siltstone,  fine-grained,  grayish-red  (5R4  2).  4.0 

C-97  Covered.  2.91 

> C-96  Siltstone,  medium-grained,  grayish-red  {5R4/2}.  2.58 

^ C-95  Siltstone,  medium-grained,  pale-red  (5R6  2).  0.25 

> C-94  Siltstone,  coarse-grained,  greenish-gray  (5GY6/1).  Upper  0.33  ft.  contains  shale 

fragments  (rounded  to  subrounded),  moderate-pink  (5R7  4),  in  a matrix  of  coarse 

siltstone,  pale-reddish-brown  (10R5  4).  0.49 

> C-93  Siltstone,  fine-grained,  greenish-gray  (5GY6  1).  Incipient  fissility.  2.0 

> C-92  Sandstone,  fine-  to  very  fine  grained,  light-olive-gray  (5G6  1).  Massive.  0.33 

t C-91  Siltstone,  medium-grained,  pale-greenish-olive  (10Y7/2).  Fissile.  0.75 

» C-90  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6  1). 

Massive.  0.83 

1 C-89  Siltstone,  fine-grained,  yellowish-gray  (5Y7  2).  0.58 

> C-88  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  light-olive-gray  (5Y6/  1). 

Massive.  0.5 

* C-87  Shale,  greenish-gray  (5G6  1).  Fissile.  2.16 

> C-86  Siltstone,  medium- to  coarse-grained,  greenish-gray  (5GY6  1).  1.0 

f C-85  Siltstone,  fine-grained,  grayish-red  (5R4  2)  dominant  with  minor  light-olive-gray 

(5Y5,  2).  0.75 

' C-84  Shale  to  siltstone,  fine-grained,  dark-reddish-brown  (10R3  4).  3.33 

C-83  Siltstone,  medium-grained,  grayish-red  (5R5  2).  Massive.  0.5 

C-82  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Prominent  fracture  cleavage.  2.67 

C-81  Siltstone,  medium-grained,  pale-grayish-red  (10R5/2).  Massive.  1.25 
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Thickness 

Vnil  Lithologic  description  (feel) 

C-80  Shale,  dusky-moderate-red  (5R4/4).  Middle  of  unit  is  siltstone,  coarse-grained, 

0.16  ft.  thick,  massive.  At  base  of  bed  is  a painted  sign  “4/81.”  1 .32 

C-79  Siltstone,  coarse-grained,  grayish-red  (5R4 '2).  1.33 

C-78  Shale,  grayish-red  (10R4/2).  Fissile.  0.75 

C-77  Siltstone,  coarse-grained,  pinkish-brownish-gray  (5YR7/1).  1.58 

C-76  Sandstone,  very  fine  to  fine-grained,  pale-olive  (10y6/2).  12.0 

C-75  Shale  in  top  0.75  ft.,  light-grayish-olive  (10Y5  2);  lower  1.25  ft.  is  siltstone,  fine- 
grained, greenish-gray  (5GY6  1).  2.0 

C-74D  Shale,  pale-grayish-yellow  ( 10Y5 /2),  with  minor  red.  1.67 

C-74C  Shale  to  siltstone,  fine-grained,  greenish-gray  (5GY6/1)  and  grayish-red  (5R4/2), 

in  equal  amounts.  0.58 

C-74B  Shale  to  siltstone,  fine-grained,  greenish-gray  (5GY6/1)  (dominant)  and  grayish- 

red  (5R4  2)  (minor).  0.75 

C-74A  Shale  to  siltstone,  very  fine  grained,  grayish-red  (5R4/2)  (dominant)  and  greenish- 

gray  (5GY6'1)  (minor).  1.33 

C-73  Shale,  grayish-red  (5R4 '2).  0.75 

C-72  Siltstone,  fine-grained,  grayish-red  (5R4,  2).  1.5 

C-71  Siltstone,  coarse-  to  medium-grained,  pale-olive  (10Y6/2).  Color  transition  upward 

in  top  1 in.  1. 16 

C-70  Siltstone,  fine-  to  medium-grained,  dark-grayish-red  (5R3/2).  8.41 

C-69  Siltstone,  fine-grained,  light-grayish-olive  (10Y5/2),  incipient  fissility.  6.5 

C-68  Sandstone,  very  fine  grained,  pale-olive  (10Y6/'2).  Massive.  13.5 

C-67  Shale,  light-yellow-olive  (10Y5/4).  Fissile.  0.41 

C-66  Sandstone,  very  fine  grained,  pale-grayish-olive  (10Y5/2).  0.41 

C-65  Siltstone,  medium-grained,  pale-olive  (10Y6/2).  3.41 

C-64  Siltstone,  medium- to  coarse-grained,  pale-grayish-olive  (10Y5/2).  1.75 

C-63  Alternating  beds  of  sandstone,  very  fine  grained,  light-olive-gray  (5Y6/1)  (starting 
at  base),  and  shale,  medium-light-brownish-gray  (5YR5/1).  Fissile.  Eight  alterna- 
tions. 1.36 

C-62  Shale,  grayish-red  (10R4/2).  1.75 

C-61  Shale,  dusky-red  (5R3  4).  Fissile.  2.25 

C-60  Shale,  grayish-red  (5R4/2).  11.6 

C-59  Shale,  grayish-red  (5R4/2).  Fracture  cleavage.  6.0 

C-58  Shale,  grayish-red  (5R4  2).  Incipient  fracture  cleavage.  2.67 

C-57  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  2.16 

C-56  Siltstone,  fine-giained,  grayish-red  (5R4/2).  Fracture  cleavage.  2.0 

C-55  Siltstone,  coarse-grained,  light-grayish-red  (5R5/2).  Massive.  0.67 

C-54  Sandstone,  very  fine  grained,  medium-light-brownish-gray  (5YR5/1).  4.0 

C-53D  Siltstone,  light-olive-gray  (5Y5/2).  2.0 

C-53C  Shale,  pale-grayish-olive  (10Y5/2).  Prominent  fracture  cleavage.  2.33 

C-53B  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  grayish-red  (5R4/2).  0.5 

C-53A  Siltstone,  coarse-grained,  pale-grayish-olive  (10Y5/ 2).  4.0 

C-52  Shale,  pale-olive  (10Y6/2).  Fracture  cleavage.  1.0 

C-51  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  Fracture  cleavage.  4.33 

C-50  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4/2). 

Massive  (this  bed  at  intersection  sign).  8.0 

C-49  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  1.5 

C-48  Quartz-shale  conglomerate  (2-4-mm  clasts)  with  gray-green  shale  chips  in  lower 
0.8  ft.  Remainder  of  bed  is  siltstone,  coarse-grained,  to  sandstone,  very  fine  grained, 
dark-yellowish-gray  (5 Y6/ 2).  6.0 

C-47  Shale  to  siltstone,  fine-grained,  pale-olive  {10Y6/2).  Closely  spaced  fracture 

cleavage  prominent  in  the  upper  half.  2.91 

C-46  Shale  to  siltstone,  fine-grained,  pale-olive  (10Y6/2)  and  grayish-red  (5R4/2).  1.67 

C-45  Siltstone,  fine-grained,  grayish-red  (5R4/2).  2.16 

C-44  Shale,  grayish-red  (5R4/2).  Prominent  closely  spaced  fracture  cleavage.  1.33 

C-43  Shale  to  siltstone,  very  fine  grained,  dark-grayish-red  (5R3,  2).  Incipient  fissility.  3.33 

C-42  Siltstone,  fine-grained,  dark-grayish-red  (10R3/2).  Prominent  closely  spaced  frac- 
ture cleavage.  10.5 

C-41  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  2.0 

C-40  Siltstone,  fine-grained,  light-grayish-red  (5R5/2).  3.58 

C-39  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  pale-olive  (10Y6/2). 

Upper  0.25  ft.  of  this  unit  is  shale,  yellowish-olive-brown  (5Y5/4)  with  fracture 
cleavage.  3.48 

C-38  Sandstone,  very  fine  grained,  greenish-gray  (5GY6/1).  Upper  0.42  ft.  is  siltstone, 

fine-grained,  greenish-gray  (5G6/1).  2.50 

C-37  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  greenish-gray  (5GY6/1). 

The  upper  0.33  ft.  is  siltstone,  fine-grained,  medium-light-gray  (N6).  1.83 

C-36  Siltstone,  medium-grained,  yellowish-olive-brown  (5Y5/4).  Incipient  fissility.  0.83 

C-35  Siltstone,  coarse-grained,  pale-olive  (10Y6/2).  5.25 

C-34  Shale,  light-olive-gray  (5Y4/2).  Fissile.  0.75 

C-33  Sandstone,  very  fine  to  fine-grained,  light-olive-gray  (5Y5/2).  2.67 

C-32  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4/1),  fissile.  5.0 

C-31  Sandstone,  very  fine  to  fine-grained,  light-olive-gray  (5Y5/2).  Massive.  2.0 

C-30  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  light-grayish-olive 

(10Y5/2).  Flaggy  and  fissile.  5.0 
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Unit  Lithologic  description  {feet) 

C-29  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  light-grayish-olive 

(10Y5, 2).  1.16 

C-28  Shale  to  siltstone,  fine-grained,  dark-yellowish-gray  (5Y6  2).  2.0 

C-27  Siltstone,  medium-  to  fine-grained,  grayish-red  (10R4  2).  Incipient  fissility.  3.75 

C-26  Siltstone,  fine-grained,  dark-reddish-brown  (10R3/ 4).  1.67 

C-25  Siltstone,  medium-grained,  dark-yellowish-gray  (5Y6/2).  Massive.  1.33 

C-24  Shale,  pale-olive  (10Y6,  2).  Fissile.  4.33 

C-23  Siltstone,  medium-grained,  pale-olive  (10Y6  2).  1.25 

C-22  Siltstone,  fine-grained,  grayish-red  (5R4/2).  2.3 

C-21  Shale,  grayish-red  (5R4  2).  Fracture  cleavage.  2.16 

C-20  Siltstone,  fine-grained,  dusky-red  (5R3/ 4).  4.0 

C-19  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  Massive.  4.5 

C-18  Shale,  pale-olive  (10Y6, 2).  Fissile.  0.91 

C-17B  Shale  and  siltstone,  medium-grained,  medium-light-greenish-gray  (5G7/1).  1.0 

C-17A  Sandstone,  very  fine  grained,  pale-olive  (10Y6,  2).  0.5 

C-16  Shale,  pale-olive  (10Y6-2).  Fissile,  fracture  cleavage.  0.33 

C-15  Shale,  grayish-red  (10R4  2).  Fracture  cleavage.  3.0 

C-14  Siltstone,  medium-grained,  grayish-red  (5R4,  2).  0.67 

C-13  Siltstone,  fine-grained,  grayish-red  (10R4  2).  Fracture  cleavage.  2.33 

C-12  Shale  to  siltstone,  fine-grained,  grayish-red  (10R4,  2).  Fissile.  6.0 

C-11  Shale,  grayish-red  i5R4,  2).  Fracture  cleavage.  4.83 

C-10  Siltstone,  coarse-grained,  grayish-red  (5R4/ 2).  1.41 

C-9  Shale  to  fine-grained  siltstone,  grayish-red  (5R4/2).  Fissile,  fracture  cleavage.  18.0 

C-8  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  2.0 

C-7  Shale,  dusky-red  {5R3/4).  Fissile,  fracture  cleavage.  33.0 

C-6  Siltstone,  medium- to  coarse-grained,  grayish-red  (5R4/ 2).  2.0 

C-5  Siltstone,  fine-grained,  dusky-red  (5R3/4).  Fissile,  fracture  cleavage.  14.0 

C-4  Siltstone,  fine-grained,  grayish-red  (5R4/2).  Incipient  fissility.  2.16 

C-3  Siltstone,  medium-grained,  dark-reddish-brown  (10R3/ 4).  Fissile,  fracture  cleavage.  4.0 

C-2  Siltstone,  coarse-grained,  grayish-red  (5R4/2).  Massive.  1.16 

C-1  Shale,  grayish-red  (5R4, 2).  Fissile,  fracture  cleavage.  4.67 


Total  2362.68 


SECTION  13 

PACKERTON  MEMBER  OF  CATSKILL  FORMATION 

Type  section  of  the  Packerton  Member  of  the  Catskill  Formation,  located  along 
railroad  cuts  on  the  west  bank  of  the  Lehigh  River  east-northeast  of  the  town  of 
Packerton  (Figure  101).  The  top  of  a nearly  complete  section  also  occurs  at  the 
intersection  of  the  paved  road  from  Packerton  and  U.S.  Route  209.  Base  of  section  is 
6,150  feet  south  of  latitude  40°52'30"  and  2,220  feet  west  of  longitude  75°42'30". 
Section  measured  by  J.  D.  Glaeser. 

Thickness 


Unit  Lithologic  description  {feet) 

265C  Sandstone,  medium-  to  coarse-grained,  medium-light-greenish-gray  (5G7/1)  and 

light-gray  (N7).  Top  is  truncated  by  crossbeds.  3.16 

265B  Sandstone,  very  fine  to  fine-grained,  medium-light-gray  (N6).  8.0 

265A  Sandstone,  medium-  to  coarse-grained,  medium-light-greenish-gray  (5G7/1)  and 

light-gray  (N7).  16.8 

264  Sandstone,  fine-grained,  light-gray  (N7),  fissile.  0.25 

263  Sandstone,  fine-  to  medium-grained,  medium-gray  (N5).  19.0 

262  Shale,  medium-gray  (N5).  0.75 

261  Sandstone,  fine-  to  medium-grained,  medium-dark-greenish-gray  (5GY5/1);  basal 
0.5  ft.  is  siltstone,  medium-grained,  dark-greenish-gray  (5GY4/1).  Top  truncated 
by  unit  262.  22 . 0 

260  Sandstone,  fine-  to  medium-grained,  medium-gray  (N5).  17.5 

259  Siltstone,  fine-grained,  medium-dark-gray  (N4)  in  upper  half,  to  dark-greenish-gray 

C5GY4/1)  in  lower  half.  1.0 

258  Sandstone,  fine-  to  medium-grained,  medium-light-gray  (N6).  Massive.  2.16 

257  Sandstone,  fine-  to  medium-grained,  medium-bluish-gray  (5B5/1).  Upper  0.16  ft. 

is  siltstone,  medium-grained,  light-bluish-gray  (5B7/1).  Fissile.  0.66 

256  Sandstone,  medium-  to  coarse-grained,  medium-light-greenish-gray  (5G7/T)  in 
upper  half  and  lower  half  sandstone,  medium-  to  coarse-grained  with  conglomerate, 
medium-light-greenish-gray  (5G7/1).  Subrounded  quartz  granules.  6.0 

255  Sandstone,  coarse-grained,  medium-bluish-gray  (5B5/T).  Wedges.  5.83 
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Thickness 


Lithologic  description  (.feel) 

Sandstone,  very  coarse  grained,  to  conglomerate,  greenish-gray  (5G6/1).  Unit  is 
massive,  contains  rounded  quartz  granules.  4.58 

Sandstone,  very  fine  to  fine-grained,  leached  in  the  upper  1.67  ft.,  light-brownish- 
gray  (5YR6/1).  Massive.  13.0 

Sandstone,  medium-grained,  medium-dark-greenish-gray  (5G5/1).  Massive.  15.0 

Siltstone,  fine-  to  medium-grained,  olive-gray  (5Y4/1).  Platy,  fissile.  3.0 

Sandstone,  medium-  to  coarse-grained,  greenish-gray  (5GY6/1).  12.0 

Sandstone,  fine-grained,  moderate-brown  (5YR3/4).  Leached.  2.0 

Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  8.0 

Sandstone,  medium-grained,  medium-dark-greenish-gray  (5GY5/1).  Truncates  unit 
246.  5.16 

Sandstone,  fine-grained,  medium-bluish-gray  (5B5/1).  Flaggy.  Contains  plant 
remains.  2.0 

Leached  quartz  and  shale,  braided,  dark-greenish-gray  (5GY4/1).  Calcareous, 
slightly  conglomeratic.  2.5 

Sandstone,  fine-grained,  dusky-yellow  C5GY7/1).  Upper  2.67  ft.  is  fine  to  medium 
grained,  brownish  gray  (5YR4/1).  13.0 

Sandstone,  fine-grained,  dark-greenish-gray  (5GY4/1).  Calcareous  and  leached  at 
base  and  top.  4 . 25 

Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1):  lower  1 ft.  deeply 
leached.  3.33 

Sandstone,  very  fine  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1)  to 
medium-light-brownish-gray  (5YR5/1).  Massive.  8.0 

Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  1.33 

Siltstone,  fine-grained,  to  shale,  olive-gray  (5Y4/1).  Lower  6 in.  deeply  leached.  3.16 

Sandstone,  very  fine  grained,  greenish-gray  (5GY6/1).  1.0 

Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  1.58 

Shale,  dark-greenish-gray  {5GY4/1).  0.75 

Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  2.41 

Sandstone,  fine-grained,  greenish-gray  (5G6/1).  Massive.  1.67 

Sandstone,  fine-  to  medium-grained,  moderate-brown  (5YR3/4)  to  pale-yellowish- 
brown  (10YR6/2).  1.0 

Sandstone,  fine-grained,  greenish-gray  (5GY6/1).  Load  casts  at  base.  3.33 

Siltstone,  medium-  to  fine-grained,  dark-greenish-gray  (5GY4/1).  Loading.  0.75 

Sandstone,  fine-grained,  medium-light-olive-gray  {5Y5/1).  Lower  8 in.  leached.  1.16 

Sandstone,  very  fine  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  5.5 

Sandstone,  very  fine  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  1.41 

Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1).  7.5 

Sandstone,  very  fine  grained,  medium-light-gray  {N6).  2.16 

Sandstone,  very  fine  to  fine-grained,  light-olive-gray  (5Y6/1).  1.5 

Sandstone,  fine-grained,  medium-light-brownish-gray  (5YR5/1).  7.5 

Sandstone,  fine-grained.  Shale-chip  conglomerate,  shale  fragments,  dark-greenish- 
gray  (6GY4/1).  0.5 

Sandstone,  fine-grained,  medium-light-brownish-gray  {5YR6/1).  0.67 

Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1).  17.0 

Siltstone,  fine-grained,  to  shale,  medium-light-olive-gray  (5Y4/2).  3.0 

Sandstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  5.67 

Siltstone,  fine-grained,  to  shale,  medium-light-olive-gray  (5Y5/1).  Platy.  2.58 

Sandstone,  fine-  to  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1). 

Massive.  6.67 

Siltstone,  fine-  to  medium-grained,  medium-dark-  greenish-gray  (5GY5/1).  Incip- 
ient fissility.  2.16 

Shale,  grayish-red  (10R4/2).  1.0 

Siltstone,  fine-grained,  grayish-red  (10R4/2).  4.0 

Siltstone,  fine-grained,  grayish-red  (5R4/2).  7.33 

Siltstone,  coarse-grained,  grayish-red  (5R4/2).  Incipient  platy  fissility  04  in-)-  3.83 

Sandstone,  fine-grained,  brownish-gray  (5YR4/1).  Massive.  6.67 

Sandstone,  fine-grained,  light-olive-gray  (5Y6/1).  Massive.  5.92 

Sandstone,  fine-grained.  Leached.  0.75 

Siltstone,  coarse-grained,  medium-dark-greenish-gray  (5GY5/1).  Platy*  2.0 

Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  greenish-gray  (5GY6/1).  2.0 

Siltstone,  medium-grained,  medium-dark-greenish-gray  (5GY5/1).  Platy  to  fissile.  1.25 

Sandstone,  very  fine  grained,  greenish-gray  (5GY6/1).  Massive.  5.5 

Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1).  Deeply 
weathered.  0.58 

Sandstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  Massive.  23.0 

Siltstone,  fine-grained,  dark-yellow-green  (5GY4/4).  Incipient  fissility.  3.33 

Sandstone,  fine-grained,  greenish-gray  (5GY6/1).  Calcareous.  Lower  1 ft.  is  leached.  9.16 

Sandstone,  fine-grained,  greenish-gray  (5GY6/1).  Lower  8 in.  is  leached.  7.08 

Sandstone,  fine-grained,  greenish-gray  (5G6/1).  1-5 

Sandstone,  fine-grained,  medium-dark-greenish-gray  C5GY5/1).  Thins  upward.  1.16 

Sandstone,  fine-grained,  greenish-gray  (5GY6/1).  Lower  3 in.  leached  and  truncated 
by  unit  207.  1-41 

Shale,  medium-bluish-gray  (5B5/1).  Incipient  fissility.  0.33 
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Thickness 

Unit  Lithologic  description  {feet) 

204C  Sandstone,  fine-  to  medium-grained.  3.5 

204B  Sandstone,  fine-  to  medium-grained  with  granule-sized  calcareous  shale  fragments.  0.8 

204 A Sandstone,  fine-  to  medium-grained.  6.2 

203  Shale  and  siltstone,  medium-grained,  medium-dark-greenish-gray  (5GY5/1).  Inter- 

laminated.  0.83 

202  Sandstone,  medium-grained,  medium-light-olive-gray  (5Y5  1).  2.0 

201  Shale,  dark-grayish-red  (5R3/2)  and  olive-gray  (5Y4/1).  Colors  mixed.  Fissile.  0.33 

200B  Sandstone,  fine-grained,  dark-yellowish-gray  (5Y6/2).  Massive.  1.33 

200A  Sandstone,  very  fine  grained,  to  siltstone,  coarse-grained,  brownish-gray  (5YR4  1). 

Massive.  1.67 

199  Sandstone,  fine- to  medium-grained,  dark-yellowish-gray  (5Y6  2).  3.83 

198  Sandstone,  medium-grained,  greenish-gray  (5GY6,  1).  1.67 

197B  Sandstone,  fine-  to  medium-grained,  greenish-gray  (5GY6/1).  15.2 

197A  Sandstone,  medium-grained,  medium-light-brownish-gray  (5YR5,  1).  7.8 

196D  Sandstone,  medium-grained,  dark-greenish-gray  (5YR4,  1).  1.0 

196C  Sandstone,  medium-grained,  medium-dark-greenish-gray  (5GY5,  1).  Interlaminated 

and  braided  with  shale,  grayish-red  (5R4  2).  0.33 

196B  Shale,  medium-dark-greenish-gray  (5GY5,  1).  0.42 

196A  Sandstone,  medium-  to  fine-grained,  greenish-gray  (5GY6/1).  Basal  unit  rests 

directly  upon  topmost  bed  of  Long  Run  Member.  0.42 


Total  416.02 


SECTION  14 

SAWMILL  RUN  MEMBER  OF  CATSKILL  FORMATION 

Type  section  of  the  Sawmill  Run  Member  of  the  Catskill  Formation,  located  along 
the  west  bank  of  the  Lehigh  River  east-northeast  of  the  town  of  Packerton  (Figure 
101).  Base  of  section  is  5,650  feet  south  of  latitude  40°52'30"  and  2,420  feet  west  of 
longitude  75°42'30".  Section  measured  by  J.  D.  Glaeser. 

Thickness 


Unit  Lithologic  description  (feet) 

331  Siltstone,  fine-grained,  and  shale,  olive-gray  (5Y4  1).  Incipient  fissility.  6.83 

330  Siltstone,  medium-grained,  brownish-gray  (5YR4,  1).  Massive.  1.0 

329  Siltstone,  medium-grained,  grayish-red  (5R4,  2).  Fracture  cleavage  crumbly.  3.33 

328  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2).  Grooved  weathered  sur- 
faces. Incipient  platy  fissility.  7.0 

327  Sandstone,  very  fine  to  fine-grained,  grayish-red  {5R4  2).  Massive.  2.5 

326  Sandstone,  very  fine  grained,  and  siltstone,  coarse-grained,  grayish-red  (5R4  2} 
with  thin  dark-grayish-red  (10R3,  2)  shales  (fissile  with  ck*an  fractures)  at  top  and 
bottom.  0.96 

325B  Sandstone,  very  fine  grained,  grayish-red  (5R4  2).  Massive.  2.24 

325A  Shale,  fissile,  and  coarse-grained  siltstone,  grayish-r€*d  (5R4  2)  in  zone  above  basal 

sandstone,  0.44  ft.  thick.  Very  fine  grained  sandstone,  massive,  in  lower  0.5  ft.  0.94 

324  Siltstone,  medium-grained,  grayish-red  (5R4  2).  Fracture  cleavage.  9.5 

323  Siltstone,  medium-grained,  grayish-red  (5R4  2).  Massive.  Incipient  fracture 

cleavage.  5.83 

322  Sandstone,  very  fine  grained,  and  siltstone,  coarse-grained,  light-grayish-brown 

(5YR4  2).  Massive.  9.0 

321  Siltstone,  fine-grained,  grayish-red  (5R4  2).  Incipient  fracture  cleavage.  2.75 

320  Siltstone,  coarse-grained,  grayish-red  (5R4, 2).  2.25 

319  Sandstone,  very  fine  grained,  medium-light-brownish-gray  (5YR5  1).  Basal  8 in. 

is  interlaminated  siltstone  and  shale,  grayish-red  (5R4  2).  6.83 

318B  Siltstone,  medium-gray  {N5).  Incipient  fissility.  Basal  0.04  ft.  is  shale,  brownish- 

gray  (5YR4/1).  0.21 

318A  Siltstone,  medium-gray  (N5).  Incipient  fissility.  0.17 

317  Sandstone,  very  finegrained,  medium-gray  (N5).  Massive.  1.67 

316E  Sandstone,  very  fine  to  fine-grained,  medium-light-brownish-gray  (5YR5/  1). 

Massive.  8.0 

316D  Calcareous  sandstone,  brownish-gray  (5YR4,  1),  crystalline.  Leached.  Massive.  1.0 

316C  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5GY6,  1).  Massive.  16.25 

316B  Calcareous  sandstone,  light-brownish-gray  (5YR6/T),  crystalline.  Leached.  Massive.  0.25 

316A  Sandstone,  very  fine  to  fine-grained,  greenish-gray  {5GY6,  1).  Massive.  9.0 

315  Siltstone,  medium-  to  coarse-grained,  greenish-gray  (5GY6,  1).  2.75 

314  Sandstone,  fine-grained,  greenish-gray  (5G6/1).  4.33 

313  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5GY6  1 to  5/1).  Alternating 

massive  and  fiaggy  beds.  3.0 
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Thickness 

( nit  Lithologic  description  (feet) 

312  Sandstone,  very  fine  grained,  to  siitstone,  coarse-grained,  medium-dark-greenish- 

gray  (5GY5  1).  Flaggy.  0.75 

311  Sandstone,  fine-  to  medium-grained,  greenish-gray  (5G6  1).  2.0 

310  Calcareous  sandstone,  medium-light-gray  (N6).  Deeply  weathered.  High  clay  con- 

tent.  2.5 

3091  Sandstone,  fine-grained,  medium-light-gray  (N6).  10.0 

309H  Sandstone,  fine-grained.  Calcareous.  Leached.  0.42 

309G  Sandstone,  fine-grained,  medium-gray  (N5).  0.5 

309F  Sandstone,  fine-grained.  Calcareous.  Leached.  0.33 

309E  Sandstone,  fine-grained,  medium-gray  (N5).  3.5 

309D  Sandstone,  fine-grained.  Calcareous.  Leached.  0.33 

309C  Sandstone,  fine-grained,  medium-gray  (N5).  1.25 

309B  Sandstone,  fine-grained.  Calcareous.  Leached.  0.16 

309A  Sandstone,  fine-grained,  medium-gray  (N5).  Calcareous.  Leached.  0.5 

308  Siitstone,  brownish-gray  {5YR4  1),  coarse-grained,  platy.  Interbedded  with  shale, 

dark-grayish-red  (5R3  2),  fissile.  0.33 

307  Sandstone,  very  fine  to  fine-grained,  brownish-gray  {5YR4/  1).  Massive.  1.0 

306  Siitstone,  coarse-grained,  grayish-red  {5R4  2),  interbedded  with  shale,  dark- 

grayish-red  (5R3  2).  0.41 

305  Sandstone,  very  fine  to  fine-grained,  medium-light-olive-gray  (5Y5/1)  to  brownish- 

gray  (5YR4  1).  Flaggy.  Individual  beds  wedge  out.  3.5 

304  Sandstone,  fine-  to  medium-grained,  medium-gray  (N5).  Flaggy.  13.5 

303  Sandstone,  fine-  to  medium-grained,  medium-light-gray  (N6).  7.5 

302  Calcareous  sandstone,  dark-greenish-gray  (5GY4/ 1),  leached.  Crystalline.  High  clay 

content.  1.0 

301  Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  9.0 

300  Calcareous  sandstone,  light-olive-gray  (5G6G),  leached.  High  clay  content.  1.5 

299  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5G6,  1).  10.0 

298  Shale,  olive-gray  {5Y4/1).  Incipient  fissility.  0.67 

297  Sandstone,  very  fine  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Massive.  9.0 

296  Sandstone,  very  fine  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1). 

Calcareous.  Shale  fragments  to  4 mm.  0.67 

295  Sandstone,  fine-grained,  greenish-gray  (5GY6  1).  2.5 

294  Shale,  dark-greenish-gray  (5GY4  1).  0.58 

293C  Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5,  1).  7.0 

293B  Sandstone,  fine-grained.  Leached  and  pitted.  1.0 

293A  Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  3.0 

292  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5GY5/1).  Massive. 

Leached  in  top  2 ft.  7.0 

291  Siitstone,  fine-grained,  and  shale,  dark-greenish-gray  {5GY4,  1).  Coarse-grained 

leached  calcite  patches.  1.5 

290  Sandstone,  fine-  to  medium-grained,  greenish-gray  (5GY6/1).  Massive.  Base  chan- 
nels unit  289.  6.0 

289  Sandstone,  fine-grained,  greenish-gray  (5G6  1).  3.33 

288  Siitstone,  fine-grained,  grayish-red  (5R4  2).  Incipient  fissility.  10.0 

287  Siitstone,  fine-grained,  dusky-red  (5R3,  4).  Massive.  4.16 

286  Siitstone,  medium-grained,  grayish-red  (5R4  2).  Incipient  fissility.  4.0 

285B  Siitstone,  coarse-grained,  grading  to  medium-grained  in  upper  2.33  ft.,  pale-red 

(5R6  2)  to  light-grayish-red  l5R5''2).  Massive.  15.68 

285A  Sandstone,  very  fine  grained,  greenish-gray  (5GY6/1).  0.75 

284  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5GY6/1).  Beds  pinch  out.  4.58 

283  Sandstone,  very  fine  grained,  massive,  medium-dark-greenish-gray  (5GY5/1).  Top 

leached.  1.67 

282  Siitstone,  coarse-grained,  light-grayish-red  (5R5/2).  3.0 

281  Sandstone,  very  fine  to  fine-grained,  brownish-gray  (5YR4  1).  Massive.  16.0 

280  Covered.  11.0 

279  Sandstone,  very  fine  to  fine-grained,  greenish-gray  (5GY6/1).  8.75 

278  Covered.  25.80 

277  Sandstone,  very  fine  grained,  medium-light-gray  (N6).  Massive.  11.10 

276  Sandstone,  very  fine  to  fine-grained,  medium-light-brownish-gray  (5YR5/1).  7.74 

275  Sandstone,  fine-grained,  greenish-gray  (5G6/ 1).  Massive.  2.0 

274  Sandstone,  very  fine  grained,  to  siitstone,  coarse-grained,  medium-gray  (N5). 

Flaggy.  4.0 

273  Sandstone,  very  fine  grained,  to  siitstone,  coarse-grained,  medium-gray  (N5). 

Massive.  14.0 

272  Sandstone,  very  fine  grained,  medium-dark-greenish-gray  (5G5/T).  0.58 

271  Sandstone,  fine-grained,  medium-light-gray  (N6).  Deeply  weathered  in  basal  0.16  ft. 

Contains  plant  remains.  5.58 

270  Sandstone,  fine-  to  medium-grained,  medium-light-gray  (N6).  Lower  8 in.  is  deeply 

weathered.  2.5 

269  Sandstone,  fine-  to  medium-grained,  medium-light-olive  gray  (5Y5/1).  Massive.  2.0 

268  Siitstone,  fine-grained,  to  shale,  brownish-gray  (5Y4/1)  to  grayish-red  (5R4/2). 

(Colors  mixed.)  1*0 

267  Siitstone,  medium-grained,  grayish-red  (5R4,  2).  51.0 

266  Siitstone,  medium-grained,  grayish-red  (5R4  2).  3.67 


Total  424.38 
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SECTION  15 

BERRY  RUN  MEMBER  OF  CATSKILL  FORMATION 


Type  section  of  the  Berry  Run  Member  of  the  Catskill  Formation,  located  on  the 
west  side  of  the  Lehigh  River  along  the  former  railroad,  where  the  member  is  almost 
fully  exposed  (Figure  101).  Base  of  section  is  5,310  feet  south  of  latitude  40°52'30" 
and  2,680  feet  west  of  longitude  75°42'30".  Section  measured  by  J.  D.  Glaeser. 


Unit 


Lithologic  description 


Thickness 
( feet) 


417  Siltstone,  grayish-red  (5R4  2). 

416  Sandstone,  very  fine  grained,  grayish-red  (5R4  2). 

415  Shale,  dark-reddish-brown  (10R3  4).  Fissile. 

414  Sandstone,  very  fine  grained,  light-grayish-red  (5R5  2).  Micaceous. 

413  Siltstone,  fine-grained,  dusky-moderate-red  (5R4  4i.  Fracture  cleavage. 

412  Sandstone,  very  fine-grained,  to  coarse-grained  siltstone,  micaceous.  Grades  upward 
into  micaceous  siltstone  to  fine-grained  siltstone,  light-grayish-red  (5R5  2). 

411  Covered. 

410  Sandstone,  very  coarse  to  coarse-grained,  yellowish-gray  (5Y7  2);  contains  con- 
glomerate with  granule-size  quartz.  Granules  are  less  than  I'c  of  rock  unit. 

409  Sandstone,  very  fine  grained,  dark-greenish-gray  (5GY4  1). 

408  Sandstone,  coarse-  to  very  coarse  grained.  Tough,  massive. 

407  Siltstone,  flaggy  bedding,  medium-light-  gray  (N6). 

406  Sandstone,  medium-grained,  dark-yellowish-gray  (5Y6  2).  Upper  3.33  ft.  is  very 
coarse  to  coarse-grained  sandstone  with  occasional  quartz  granules,  yellowish-gray 
{5Y7  2). 

405  Sandstone,  medium-  to  fine-grained,  light-olive-gray  (5Y5.2).  Partly  covered. 

404  Covered. 

403  Sandstone,  coarse-  to  medium-grained,  tough,  greenish-gray  (5GY6  1),  varies  to 
dark-greenish-gray  (5GY4,  1).  Steep  bipolar  crossbeds  in  lower  10  ft.  Planar  flaggy 
beds  in  upper  15  ft. 

402  Siltstone,  fine-grained,  medium-dark-greenish-gray  (5GY5  1),  micaceous. 

401  Sandstone,  coarse-  to  medium-grained,  with  scattered  subangular  quartz  pebbles, 

very  tough,  breaks  through  grains,  greenish-gray  (5GY6  1).  Massive  and  flaggy, 
although  bedding  not  distinct.  Steep,  SE-dipping  flaggy  crossbeds  in  upper  1 ft.* 

400  Sandstone,  medium-grained  in  lower  4 ft.  and  fine-  to  very  fine  grained  above. 

Tough  and  vitreous,  medium-light-gray  (N6).  Lower  3.0  ft.  is  massive,  NW-dipping, 
bevelled  by  SE-dipping  surface  with  downward  thickening  wedge  above  it.  Beds 
above  not  distinct  but  appear  to  be  planar  flags. 

399  Sandstone,  medium-  to  fine-grained.  Massive  and  pitted.  Tough,  calcareou.s,  leached, 
light-gray  (N7). 

398  Sandstone,  medium-  to  fine-grained,  massive,  medium-light-gray  (.X6n  Parallel- 
laminated.  Slightly  NW  dipping. 

397  Sandstone,  fine-grained  in  lower  0.33  ft.,  very  fine  grained  above,  light-olive-gray 
(5Y6  1).  Planar  flags. 

396  Sandstone,  fine-  to  medium-grained.  Basal  4.0  ft.  is  steep  NW-dipping  flags.  Massive 
above,  planar  but  indistinct.  Medium-light  gray  (N6). 

395C  Siltstone,  medium-  to  fine-grained.  Unit  is  lens  shaped  and  pinches  out.  Incipient 
fracture  cleavage.  Color  is  a mixture  of  grayish  red  (5R4  2)  and  medium-light-olive 
gray  (5Y5/  1). 

395B  Sandstone,  fine-grained,  tough,  vitreous.  Thickens  both  upward  and  downward  in 
exposure,  medium-gray  (N5). 

395A  Siltstone,  medium-  to  fine-grained,  color  is  a mixture  of  grayish  red  (5R4  2)  and 
medium-light-olive  gray  (5Y5  1).  Incipient  fracture  cleavage. 

394  Sandstone,  fine-grained,  light-olive-gray  (5YR6,  1).  Tough,  vitreous,  micaceous. 
Individual  beds  wedge  out  in  exposure.  All  are  flags,  dipping  steeply  NW. 

393  Calcareous  sandstone,  basal  part  has  high  clay  content  and  scattered  shale  fragments 
which  are  grayish  red  (5R4,  2);  matrix  is  greenish  gray  (5G6  1).  Remainder  of 
unit  is  sandstone,  fine-grained,  slightly  calcareous,  tough,  massive,  medium- 
light-gray  (N6). 

392  Sandstone,  fine-grained,  medium-light-gray  (N6),  flaggy-bedded,  wedge-shaped 
units,  thin  downward  in  exposure.  Tough.  Basal  1.0  ft.  is  flaggy  and  has  a steep  NW 
dip.  Above,  beds  are  flaggy  and  gently  SE  dipping.  Upper  1.0  ft.  is  coarse-grained 
siltstone  with  color  mixture  of  grayish  red  (5R4  2}  and  greenish  gray  (5G6  1). 

391  Sandstone,  fine-  to  medium-grained,  medium-light-gray  (N6).  Topmost  beds  are 
truncated  by  overlying  unit  and  thin  upward  in  the  exposure.  Beds  are  massive, 
parallel  laminated  in  lower  7.0  ft.  Top  2.5  ft.  is  thick,  NW-dipping  flags.  Top  bed 
is  planar  flagstone  which  wedges  out  upward.  Top  of  unit  is  1 ft.  above  an  anchored 
steel  cable,  the  other  end  of  which  is  attached  to  a power  pole  above  the  exposure. 
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* Qualitative  statements  of  dip  directions  refer  to  primary  orientation  prior  to  bed  deformation 
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Thickness 

Lithologic  description  (feet) 

390  Sandstone,  very  fine  grained,  medium-gray  (N5).  Micaceous.  Beds  are  probably 

flaggy  but  fracture  cleavage  obscures  bed  structure.  3.25 

389  Sandstone,  fine-grained,  medium-light-olive-gray  (5Y5/1).  Planar  massive  beds  at 

base,  grade  up  into  planar  flaggy  units.  13.0 

388  Sandstone,  fine-  to  medium-grained,  fresh  color  is  medium-dark-greenish  gray 
(5G5  1).  Micaceous,  massive,  deeply  weathered.  Weathers  to  a rusty-red-brown 
color  in  the  outer  1 in.  to  2 in.  2.0 

387  Sandstone,  medium-  to  fine-grained,  greenish-gray  (5GY6  1).  Massive,  tough, 

vitreous.  5.83 

386  Sandstone,  medium-  to  fine-grained,  medium-light-gray  (N6).  Tough,  vitreous. 

Partly  covered.  12.0 

385  Sandstone,  fine-grained.  Flaggy,  tough,  medium-gray  (N5).  3.16 

384  Sandstone,  medium-  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1). 

Micaceous.  Planar  massive  bedding.  14.0 

383  Covered.  12.0 

382  Sandstone,  lower  0.83  ft.  is  fine  to  very  fine  grained,  m.ieaceous,  greenish-gray 
(5GY6  1).  Grades  upward  to  fine-  to  very  fine  grained  tough  sandstone,  brownish- 
gray  (5YR4  1).  There  is  a bedding  break  between  these  color  variants.  Lower  2 ft. 
is  planar,  massive  beds.  Overlying  2 ft.  is  gently  SE  dipping  flags.  Above  are  planar 
flags.  Bed  orientation,  N58E,  80NW.  12.0 

381  Sandstone,  medium-  to  fine-grained,  medium-light-brownish-gray  (5YR5/1).  Con- 

tains a few  scattered  thin  gray-red  shale  blebs.  Lower  half  is  massive;  upper  half 
is  very  gently  SE  dipping  flags.  Top  truncated  by  overlying  unit.  2.41 

380  Siltstone  with  irregular  blebs  of  gray-red  shale,  dark-bluish-gray  (5B4/1).  Pinched 

out  upward.  0.33 

379  Sandstone,  fine-  to  very  fine  grained,  dark-greenish-gray  (5GY4  1).  Basal  0.16  ft. 

leached  and  pitted  and  this  leached  zone  pinches  out  upward.  4.33 

378  Sandstone,  medium-grained.  Tough,  breaks  through  grains.  Basal  0.58  ft.  is  leached, 
pitted  calcareous  siltstone,  dark-greenish-gray  (5GY4  1).  Lower  4.0  ft.  is  massive, 
bedding  not  distinct.  Overlying  4.0  ft.  is  SE  dipping  (8°),  with  very  gently  NW 
dipping  flags  above.  12.16 

377  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4  1).  Fracture  cleavage.  0.75 

376  Sandstone,  medium-grained,  medium-light-gray  (N6).  Massive  in  lower  third. 

Tough,  breaks  through  grains,  lower  3.0  ft.  massive;  above,  5°  to  10°  NW-dipping 
flags.  6.5 

375  Sandstone,  very  fine  grained,  medium-gray  (N5).  Beds  2 to  3 in.  thick.  1.33 

374  Sandstone,  medium-  to  fine-grained,  medium-light-gray  (N6).  Lower  2.0  ft.  has 
planar  massive  bedding.  Overlying  2.0  ft.  has  NW-dipping  flaggy  crossbeds.  Above, 
planar,  massive.  11.33 

373  Siltstone,  medium-  to  fine-grained,  medium-gray  (N5).  0.33 

372  Sandstone,  medium-  to  fine-grained,  tough,  breaks  through  grains,  medium-light- 
brownish-gray  (5YR5/1).  Basal  0.83  ft.  is  leached  and  pitted  tough  calcareous  sand- 
stone with  a high  clay  content,  medium-light-greenish-gray  (5G7/1).  Unit  above 
leached  zone  has  steep  NW-dipping  foreset  wedges.  Leached  zone  may  also  be  NW 
dipping.  4.5 

371  Sandstone,  fine-grained,  massive,  greenish-gray  C5GY6,1).  Lower  0.16  ft.  is 
leached  and  pitted,  contains  rounded  pods  of  gray-red  shale  in  matrix  of  tough 
calcareous  medium-grained  sandstone,  light-bluish-gray  (5B7/ 1).  5.0 

370  Siltstone,  fine-grained,  dark-grayish-red  C10R3/2).  Incipient  fissility.  0.5 

369  Sandstone,  fine-grained,  medium-light-brownish-gray  (5YR5/1).  Breaks  through 

grains.  Basal  third  is  a downward-thickening  wedge  with  steep  NW  dips.  2.75 

368  Sandstone,  medium-  to  fine-grained.  Planar  flags.  Tough,  breaks  through  grains. 

Base  of  a 0.25-ft.  leached  and  pitted  zone  occurs  2.58  ft.  above  base  of  unit.  Top  1.0 
ft.  has  NW-dipping  flags.  Topmost  bed  is  bevelled  by  SE-dipping  bed  of  unit  above, 
and  leached  zone  fills  in  as  wedge  between  them.  8.08 

367  Sandstone,  medium-grained,  planar,  massive  beds,  medium-light-gray  CN6).  1.91 

366  Sandstone,  fine-  to  medium-grained,  greenish-gray  (5GY6/1).  Base  of  a leached, 

pitted  zone  occurs  0.33  ft.  below  top;  tough,  breaks  through  grains.  2.0 

365  Siltstone,  medium-  to  coarse-grained,  medium-gray  (N5).  Deeply  weathered,  leached 

and  pitted.  0.58 

364  Sandstone,  medium-grained,  olive-gray  (5Y4/1).  Massive,  very  tough.  Deeply 

weathered  below  the  outer  1-in.  surface  rind.  0.75 

363  Calcareous  sandstone  with  sparry  calcite.  Deeply  weathered,  leached,  and  pitted. 

Contains  scattered  fine-grained  rock  fragments.  Dominantly  red  and  green  shale.  0.83 

362  Siltstone,  coarse-grained,  medium-light-gray  (N6).  Micaceous.  Parallel-laminated 

flags,  planar-bedded.  Top  surface  cut  down  by  leached  zone  and  contact  dips  NW.  2.33 

361  Sandstone,  coarse-grained,  greenish-gray  (5GY6/1).  Tough,  breaks  through  grains. 

Lower  0.41  ft.  is  leached  and  pitted  and  is  conglomeratic,  containing  scattered  sub- 
rounded quartz  granules.  Matrix  of  conglomerate  is  tough,  coarse-grained  calcare- 
ous sandstone,  greenish-gray  (5G6/1).  Entire  unit  dips  10°  NW.  Top  bevelled  by 
unit  362.  Unit  361  is  the  front  of  an  advancing  bar.  2.33 
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Vnit  Lithologic  description 

360  Sandstone,  coarse-  to  medium-grained,  medium-dark-greenish-gray  ^5(IY5  1). 

Vitreous,  tough,  breaks  through  grains.  Upper  1.83  ft.  is  fine-grained  sandston*-, 
medium-dark-greenish-gray  (5GY5  1),  Haggy  bedded,  with  basal  part  greenish-gray 
(5GY'6  1).  Well-developed  NW-dipping  Hags  in  lower  3.0  ft.  In  overlying  ().6T  ft. 
are  planar  Hags  overlain  by  very  gently  SE  dipping  Hags. 

359  Shale,  incipient  fissility,  greenish-gray  (5GY6  1).  Bed  orientation  X46E,  84NW. 

358  Sandstone,  coarse-  to  medium-grained,  medium-dark-greenish-gray  (5G5  1).  Bn^aks 
through  grains.  Conglomeratic,  especially  in  upper  two-thirds.  Contains  scattered 
subangular  quartz  granules.  Base  ma.ssive.  In  upper  half  of  unit  are  NW-dipping 
wedges  at  eye  level  and  above  are  SE-dipping  wt'dges.  Unit  is  a preserved  dune  crest. 

357  Sandstone,  very  coarse  grained,  greenish-gray  (5GY6  1),  massive.  Contains  few 
scattered  granules  of  quartz.  Unit  thickens  downward  in  exposure.  Thins  to  zero 

8.0  ft.  above  ground  level. 

356  Sandstone,  coarse- to  very  coarse  grained,  greenish-gray  (5G6  1).  Tough,  vitreous, 
breaks  through  grains.  Conglomeratic,  containing  scattered  subround*‘d  quartz 
granules.  Massive  Hags;  top  1.0  ft.  of  unit,  high  in  exposure,  has  SE-dipping  bevelled 
surface  with  NW-dipping  wedges  resting  on  it. 

355  Sandstone,  medium-grained,  greenish-gray  (5G6  1).  Tough,  vitreous,  breaks 
through  grains.  Massive  Hags.  Top  1.0  ft.  is  a NW-dipping  wedge. 

354  Sandstone,  coarse-  to  medium-grained,  greenish-gray  (5GY6  1).  Top  0.04  ft.  is 
micaceous  fine  siltstone  with  incipient  fissility. 

353  Sandstone,  very  fine  grained,  to  coarse-grained  siltstone,  medium-dark-greenish- 
gray  (5GY5,  1).  Breaks  through  grains.  Indistinct  Haggy  bedding. 

352  Sandstone,  coarse-grained,  medium-light-greenish-gray  (5G7  1).  Tough,  vitreous, 
breaks  through  grains.  Lower  two-thirds  massive;  upper  third  is  a SE-dipping  plane 
with  Haggy  beds  building  in  toward  it.  Unit  wedges  out  upward  in  exposure. 

351  Sandstone,  tough,  massive,  calcareous.  Leached  and  pitted.  Contains  scattered 
subangular  rock  fragments  and  quartz. 

350  Sandstone,  coarse-  to  medium-grained,  medium-light-bluish-gray  (5B6  1).  Vitreous, 
breaks  through  grains.  Massive,  bedding  not  distinct. 

349  Siltstone,  fine-grained,  medium-gray  (N5).  Incipient  fissility. 

348  Sandstone,  medium-grained,  greenish-gray  (5G6  1 ) . Tough,  vitreous,  breaks  through 
grains.  Contains  scattered  Hat  shale  pods  of  granule  size.  SE-  and  NW-dipping, 
Oaggy  crossbeds  which  change  quadrant  direction  along  length  of  outcrop,  preserv- 
ing crest  of  underlying  dune. 

347  Sandstone,  medium-grained,  greenish-gray  (5G6  1).  Tough,  vitreous,  breaks 

through  grains.  Massive,  bedding  not  distinct. 

346  Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY5  1).  Tough,  breaks 
through  grains.  Planar  Hags. 

345  Sandstone,  medium-grained,  medium-dark-greenish-gray  (5GY5  1).  Micaceous, 
tough.  At  base  is  SE-dipping  wedge  which  thins  downward  in  exposure.  In  middle, 

6.0  ft.  of  planar,  massive  beds.  Top  contains  gently  SE  dipping  Hags. 

344  Sandstone,  medium-grained,  greenish-gray  (5GY6  1).  Tough,  vitreous,  breaks 

through  grains.  Contains  thin,  flat,  shale  pods  in  basal  portion.  Bedding  not  distinct. 

343  Sandstone,  fine-grained,  greenish-gray  (5GY6  1).  Partly  covered.  Tough,  vitreous, 
breaks  through  grains.  NW’-dipping  wedges  at  8°  to  10®. 

342  Sandstone,  medium-grained,  light-olive-gray  (5Y6  1).  Micaceous,  breaks  through 
grains.  Flaggy  bedding. 

341  Sandstone,  fine-grained,  greenish-gray  (5GY6  1).  Tough,  vitreous,  breaks  through 
grains.  Gently  NW  dipping  crossbed  wedges.  Massive  unit. 

340  Sandstone,  fine-grained,  medium-dark-greenish-gray  (5GY6  1).  Tough,  breaks 

through  grains.  Thin,  parallel-laminated  Haggy  beds  (1  in.  thick). 

339  Sandstone,  fine-grained,  medium-dark-greenish-gray  (5G5  1).  Tough,  vitreous, 

parts  into  units  2 in.  to  4 in.  thick.  Bt-ds  Haggy 

338  Sandstone,  fine-grained,  light-olive-gray  (5Y6  1).  Irregularly  fractured.  Bedding  not 
distinct. 

337  Sandstone,  fine-grained,  light-olive-gray  (5Y6  1).  Massive,  parallel-laminated. 

336  Sandstone,  medium-  to  fine-grained,  light-gray  (N7).  SE-dipping  crossbed  wedges. 
Upper  half  more  weathered  than  lower  half. 

335  Sandstone,  coarse-  to  medium-grained,  medium-light-gray  (N6).  Planar  Haggy 
bedding. 

334  Sandstone,  medium-  to  fine-grained,  medium-dark-greenish-gray  (5G\  5 1).  Tough, 
vitreous,  breaks  through  grains.  Massive  to  Haggy  bedding. 

333  Sandstone,  medium-  to  fine-grained,  greenish-gray  (5G6  l5  - Breaks  through  grains. 

Unit  has  fissile  shale  bed  4 in.  thick,  the  base  of  which  is  4 in.  above  base  of  unit  333. 
Shale  is  dark  greenish  gray  (5GY4  1),  thins  downward  in  the  exposure,  where  sand- 
stone beds  merge.  The  upper  sandstone  thins  upward  in  exposure.  Upward  in  expo- 
sure unit  333  is  comprised  of  two  subequal  beds:  an  upper  sandstone  and  a lower 
shale. 

332  Sandstone,  coarse-  to  medium-grained,  light-bluish-gray  (5B7,  1).  Tough,  vitreous, 
breaks  through  grains.  NW"-dipping  flaggy  crossbeds. 
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SECTION  16 

CLARK’S  FERRY  MEMBER  OF  CATSKILL  FORMATION 

Reference  section  of  the  Clark’s  Ferry  Member  of  the  Catskill  Formation,  located 
on  the  west  bank  of  the  Lehigh  River  in  roadcuts  on  U.S.  Route  209  just  south  of  the 
town  of  Jim  Thorpe  (Figure  101).  Base  of  section  is  4,560  feet  south  of  latitude 
40°52'30''  and  3,820  feet  west  of  longitude  75°42'30".  Section  measured  by  J.  D. 
Glaeser. 

Thickness 

Vnit  Lithologic  description  {feet) 

36  Siltstone,  medium-grained,  dark-greenish-gray  (5GY4  1).  Flaggy.  5.0 

35  Sandstone,  fine-  to  coarse-grained,  light-bluish-gray  (5B7/1)  and  brownish-gray 

(5YR4/1),  massive.  20.0 

34B  Shale  and  coarse-grained  siltstone.  2.0 

34A  Sandstone,  medium-  and  very  coarse  grained,  medium-brownish-gray  (5R5/1). 

Poorly  sort€*d.  9.3 

33B  Sandstone,  medium-  to  coarse-grained,  medium-light-brownish-gray  (5YR5/1). 

Becomes  increasingly  conglomeratic  upward.  14.3 

33A  Sandstone,  coarse-  to  very  coarse  grained.  Scattered  granules — conglomeratic.  14.3 

32  Sandstone,  fine-  to  medium-grained,  light-grayish-red  (5R5/2).  5.0 

31  Sandstone,  medium-  to  very  coarse  grained,  medium-dark-greenish-gray  (5GY5/1). 

Many  crossbeds.  5.5 

30  Sandstone,  fine-  to  medium-grained,  medium-light-brownish-gray  (5YR5/1).  6.0 

29  Sandstone,  medium-  to  very  coarse  grained,  medium-light-olive-gray  (5Y5/1)  to 
light-bluish-gray  (5B7/1).  Contains  pebbles,  is  increasingly  conglomeratic  in  upper 
half.  Massive.  16.9 

28  Sandstone,  fine-  to  medium-grained,  medium-light-olive-gray  (5Y5/1).  Massive. 

Mixed  shale  and  sandstone  at  base.  14.48 

27  Sandstone,  .very  fine  to  fine-grained,  medium-dark-greenish-gray  (5GY5/1).  Many 

crossbeds.  2.92 

26B  Sandstone,  coarse-  to  very  coarse  grained,  medium-light-bluish-gray  (5B6/1).  Con- 
glomeratic, scattered  fragments.  14.5 

26A  Sandstone,  fine-grained,  light-olive-gray  (5Y6/1).  14.6 

25B  Sandstone,  medium-grained,  medium-light-bluish-gray  (5B6/1).  Conglomeratic. 

Fragments  scattered  on  bedding  planes.  6.2 

25A  Sandstone,  fine-grained,  grayish-red  (5R4/2).  Massive  slabs.  12.6 

24  Sandstone,  coarse-  to  very  coarse  grained,  medium-light-bluish-gray  (5B6/1). 

Conglomeratic.  13.3 

23  Sandstone,  medium- to  coarse-grained,  medium-light-olive-gray  (5Y5/1)  and  olive- 
gray  (5Y4/1).  Conglomeratic.  Scattered  pebbles  in  lower  half,  crossbeds  in  upper 
half.  101.0 

22  Sandstone,  coarse-grained.  Red  and  green  shale  fragments.  6.0 

21  Sandstone,  coarse-grained,  grading  upward  into  fine-grained,  medium-light-olive- 

gray  (5Y5/1)  and  light-olive-gray  (5Y6/1).  Massive.  Upper  half  has  crossbeds.  32.9 

20  Covered.  28.0 

19  Sandstone,  medium-  to  coarse-grained,  medium-light-olive-gray  (5Y5/1).  Pebble 
conglomerate  bed;  shale  and  quartz  pebbles  in  top  0.1  ft.,  ripple  marks  at  top  of 
lower  half.  20.9 

18  Sandstone,  medium-  to  coarse-grained,  light-olive-gray  (5Y6/1).  Conglomeratic. 

Yellow-green  rock  fragments,  quartz  pebbles  in  top  few  inches.  2.5 

17  Sandstone,  medium-  to  coarse-grained,  medium-light-olive-gray  (,5Y5/1).  6.0 

16  Sandstone,  coarse-  to  very  coarse  grained,  medium-light-olive-gray  (5Y5/1).  Con- 
glomeratic. Massive.  25.9 

15C  Sandstone,  coarse-grained,  moderate-yellowish-brown  {10YR5/4).  9.4 

15B  Siltstone,  fine-grained,  medium-light-olive-gray  (5Y5/1),  interbedded  with  sand- 
stone, medium-grained,  greenish-gray  (5GY6  1).  0.0 

15A  Sandstone,  medium-grained,  medium-dark-greenish-gray  (5GY5  1).  9.3 

14  Sandstone,  fine-  to  medium-grained,  light-olive-gray  (5Y6/  1),  flaggy.  Fissile  shale, 

top  0.16  ft.,  medium-light-olive-gray  (5Y5,  1).  Grades  from  below.  2.64 

13  Sandstone,  medium-  to  coarse-grained,  medium-dark-greenish-gray  (5GY6/ 1 — 

5GY5  1 ).  Flaggy  to  massive.  18.7 

12  Sandstone,  fine-  to  medium-grained,  medium-light-olive-gray  (5Y5/1).  Occasional 

coarse-grained  sandstone  and  scattered  quartz  pebbles.  93.2 

11  Sandstone,  medium-  to  coarse-grained,  light-olive-gray  (5Y6'1).  Conglomeratic.  13.6 

10  Sandstone,  medium-  to  coarse-grained,  pale-orange  (10YR7/2).  30.7 

9D  Sandstone,  medium-  to  coarse-grained.  Beds  indistinct  with  high  clay  content.  20.6 

9C  Sandstone,  medium-  to  coarse-grained,  very  pale  orange  (10YR8/2).  Massive.  2.0 

9B  Siltstone,  medium-grained,  greenish-gray  (5G6/1).  2.5 

9A  Sandstone,  medium- to  coarse-grained,  greenish-gray  (5GY6/ 1).  Massive.  3.0 


APPENDIX  II  437 

Thicktiess 

Unit  Lithologic  description  {feet) 

8B  Sandstone,  medium-  to  coarse-grained,  grayish-orange  (10YR7/4).  Scattered  con- 
glomerate. Crossbeds  in  upper  10  ft.  21.2 

8A  Sandstone,  medium-  to  coarse-grained,  grayish-orange  (10YR7/4).  Conglomeratic.  10.6 

7 Sandstone,  medium-  to  coarse-grained,  grayish-orange  (10YR7,4).  Scattered 

granules.  15.4 

6 Sandstone,  medium-  to  coarse-grained,  grayish-orange  (10YR7/4).  Conglomeratic. 

Few  quartz  and  shale  fragments  on  tops  of  beds.  14.3 

5 Sandstone,  medium-grained,  light-bluish-gray  (5B7/1).  55.4 

4 Sandstone,  coarse-  to  very  coarse  grained,  greenish-gray  (5GY6  1),  conglomeratic, 

with  pebble  content  decreasing  upward.  22.3 

3B  Shale  to  fine-grained  siltstone,  dusky-red  (5R3/4).  Mixed  red  and  grayish-green 

colors  in  upper  1.0  ft.  5.9 

3A  Sandstone,  fine-  to  medium-grained,  medium-light-brownish-gray  (5YR5,  1).  3.0 

2B  Sandstone,  fine-  to  medium-grained,  light-olive-gray  (5Y'6/1)  and  greenish-gray 
(5GY6/1).  Top  of  unit  is  brownish-orange  pink  (5YR7/4).  Few  shale  and  quartz 
fragments-  Flaggy.  Massive.  111.0 

2A  Sandstone,  fine-grained,  grades  up  to  siltstone,  medium-grained,  greenish-gray 

(5GY6  1).  4.0 

1C  White  quartz-pebble  conglomerate.  4.0 

IB  Sandstone,  medium-  to  very  coarse  grained,  greenish-gray  (5GY6/1)  and  dark- 

greenish-gray  (5GY4,  1).  22.7 

lA  White  quartz-pebble  conglomerate.  2.5 


Total  904.04 


SECTION  17 

DUNGANNON  MEMBER  OF  CATSKILL  FORMATION 

Reference  section  of  the  Duncannon  Member  of  the  Catskill  Formation,  located 
in  readouts  along  U.S.  Route  209  toward  the  southern  limits  of  the  town  of  Jim 
Thorpe  on  the  west  bank  of  the  Lehigh  River  (Figure  101).  The  top  of  the  Duncannon 
(units  80-97 D)  is  not  exposed  there,  but  occurs  on  the  east  bank  of  the  Lehigh  River 
at  the  entrance  to  the  town’s  sewage  disposal  plant.  Base  of  section  is  6,000  feet  south 
of  latitude  40°52'30"  and  3,900  feet  east  of  longitude  75°45'.  Contact  of  Duncannon 
Member  with  base  of  Spechty  Kopf  Formation  is  5,360  feet  south  of  latitude  40°52'30" 
and  3,900  feet  east  of  longitude  75°45'.  Section  measured  by  J.  D.  Glaeser. 


Thickness 


Unit  Lithologic  description  {feet) 

97D  Siltstone,  medium-grained,  grayish-red  (5R4,  2).  Fissile.  3.8 

97C  Sandstone,  medium-  to  coarse-grained,  light-grayish-olive  {10Y5/2).  Conglomeratic.  9.4 

97B  Siltstone,  medium-  to  coarse-grained,  to  very  fine  grained  sandstone.  Red  and 

yellow  brown,  mixed  and  mottled.  One  quartzite  pebble.  5,.  6 

97A  Sandstone,  medium-  to  coarse-grained,  light-olive-gray  (5Y5/2).  Conglomeratic.  23.7 

96  Sandstone,  fine-  to  very  coarse  grained,  moderate-red  (5R4/6)  and  grayish-red 

(5R4  2).  Conglomeratic.  35.2 

95  Sandstone,  fine-  to  medium-grained,  grayish-olive  (10Y4  2).  Crossbeds.  Massive. 

Flaggy.  25.7 

94  Siltstone,  fine- to  medium-grained.  3.5 

93  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2)  to  dark-grayish-red 

(5R3  2).  Top  truncated.  7.0 

92  Siltstone,  coarse-grained,  grayish-red  (5R4-2)  to  brownish-red  (5YR4/1).  8.0 

91B  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  medium-light-olive-gray 

(5Y5  1).  Massive.  2.0 

9iA  Siltstone,  coarse-grained,  light-olive-gray  (5Y6,  1)  to  light-brownish-gray  (5YR6' 1). 

Mottled,  fracture  fissility.  2.0 

90B  Siltstone,  coarse-grained,  grayish-red  {5R4  2)  to  dark-ytllowish-gray  t5Y6  2). 

Colors  mixed,  fracture  fissility.  3.0 

90A  Siltstone,  fine-  to  coarse-grained,  grayish-red  {5R4/2)  to  dark-grayish-red  (5R3  2). 

Base  rippled.  12.6 

89  Siltstone  and  medium-  to  very  fine  grained  sandstone,  pale-red  (5R6  2)  to  dark- 

grayish-red  (5R3  2}.  Massive.  2.0 

88  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-purple  (5P4  2). 

Massive.  3.0 
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Unit  Lithologic  description 

87  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2),  with  incipient  fissility.  In 
mid-portion  of  bed,  coarse-grained  to  very  fine  grained  sandstone,  light-grayish-red 
(5R5  2).  Massive. 

86  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2).  Massive. 

85  Siltstone,  fine-  to  coarse-grained,  grades  upward,  grayish-red-purple  (5RP4/2)  to 
dusky-red  (5R3  '4). 

84  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5RP4  '21,  and 
medium-grained  sandstone,  brownish-gray  (5YR4  1)  with  load  casts  (lower  1 in.). 

83  Siltstone,  coarse-grained,  grading  up  into  fine-grained  siltstone,  fissile  at  top, 
grayish-red  (5R4  2,  5R3/6). 

82  Sandstone,  fine-  to  medium-grained,  light-grayish-purple  (5P5/2)  to  brownish-red 
(5YR4,1).  Massive. 

81  Covered. 

80  Shale  and  medium-  to  coarse-grained  sandstone,  in  50-50  mixture.  Units  80  through 
97D  on  east  bank  of  Lehigh  River. 

79  Sandstone,  medium-grained,  grayish-red  (10R4-2)  to  brownish-gray  (5YR4/1). 
Red  shale  fragments. 

78B  Sandstone,  medium-  to  very  coarse  grained,  greenish-gray  (5GY6/1)  to  dark- 
grcenish-gray  (5GY4  1).  Green  shale  fragments. 

78A  Sandstone,  medium-  to  very  coarse  grained,  brownish-gray  (5YR4/1).  Red  shale 
fragments. 

77  Shale  to  siltstone,  fine-grained,  grayish-red  (10R4/2). 

76  Covered. 

75  Shale  to  siltstone,  fine-grained,  dusky-red  (5R3  4). 

74  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  grayish-red  (5R4/2)  to 
medium-light-brownish-gray  (5YR5  1). 

73  Siltstone,  medium-grained,  dark-grayish-red  (5R3  2). 

72  Sandstone,  medium-  to  coarse-grained,  brownish-gray  (5YR4/1).  Red  shale  frag- 
ments. 

71  Siltstone,  coarse-  to  medium-grained,  dark-grayish-red  (5R3/2)  and  grayish-red 
(5R4  2). 

70  Sandstone,  medium-grained,  grayish-red  (5R4  2).  Flaggy. 

69  Siltstone,  fine-grained,  dusky-red  (5R3  4).  Fracture  cleavage  dominant  over  bed- 
ding. 

68B  Siltstone,  coarse-  to  medium-  to  fine-grained  (upward),  brownish-gray  (5YR4/1). 

68A  Sandstone,  medium-grained,  becomes  fine-grained,  then  very  fine  grained  upward, 
grayish-red  (5R4  2). 

67D  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4  '1)  to  greenish-gray  (5GY6/1). 

67C  Sandstone,  medium-dark-greenish-gray  (5GY5  1). 

67B  Siltstone,  fine-grained,  dark-greenish-gray  (5GY4/1)  to  greenish-gray  (5GY6/1). 

67A  Sandstone,  medium-dark-greenish-gray  (5GY5  1). 

66B  Siltstone,  fine-grained,  greenish-gray  (5G6  1).  Top  interfingers  with  unit  67A. 

66A  Siltstone,  fine-grained,  grayish-red  (5R4  2). 

65C  Siltstone,  coarse-grained,  grayish-red  (5R4  2).  Color  mixed  at  top  boundary. 

65B  Siltstone,  medium-  to  coarse-grained,  greenish-gray  (5GY61)  to  medium-light- 
bluish-gray  (5B6  1). 

65A  Sandstone,  medium-grained,  greenish-gray  (5GY6  1). 

64B  Sandstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2)  to  medium-light- 
brownish-gray  (5YR5  1). 

64A  Conglomerate. 

63  Sandstone,  very  fine  grained,  upward  to  sandstone,  fine-grained,  moderate-red 
(5R5  4)  to  grayish-red  (5R4,  2).  Top  interfingers  with  unit  64A. 

62  Sandstone,  very  fine  to  fine-grained,  medium-light-gray  (N6)  to  light-brownish-gray 
(5YR6  1).  Top  rippled. 

61  Sandstone,  very  fine  grained,  grades  upward  to  siltstone,  coarse-  to  fine-grained, 
moderate-red  (5R4  4)  to  pale-red  (5R6  2).  Ribbed,  grooved  surfaces. 

60  Sandstone,  very  fine  grained,  grades  upward  to  siltstone,  coarse-  to  fine-grained, 
moderate-red  (5R5  4)  to  light-grayish-red  (5R5/2).  Top  2 ft.  is  pockmarked. 

59  Shale  to  fine-grained  siltstone,  dark-grayish-red  (5R3/2). 

58  Sandstone,  very  coarse  grained,  grades  upward  to  very  fine  grained,  medium-light 
gray  (N6). 

57  Siltstone,  fine-  to  coarse-grained,  grayish-red  (5R4,2). 

56  Siltstone,  coarse-grained,  to  sandstone,  fine-  to  very  fine  grained,  grayish-red 
(5R4  2). 

55  Sandstone,  very  fine  grained,  grades  upward  to  siltstone,  medium-grained,  moderate- 
red  (5K5,  4)  to  grayish-red  (5R4,  2). 

54  Shale  to  medium-grained  siltstone,  dusky-red  (5R3  4)  to  dark-red  (5R3/6). 

53  Sandstone,  medium-  to  fine-grained,  medium-light-bluish-gray  (5B6/1).  Upper  two- 
thirds  is  flaggy;  lower  third  is  massive. 

52B  Sandstone,  coarse-  to  very  coarse  grained,  greenish-gray  (5G6,  1).  Conglomeratic. 

52A  Pebble  conglomerate.  Massive. 

51B  Siltstone,  coarse-grained,  light-grayish-red  (5R5/2). 

51A  Siltstone,  medium-grained,  light-grayish-red  (5R5  2).  Increased  clay  content  up- 
ward. 


Thickness 

(feet) 


0.61 

4.0 

0.42 

1.33 
0.5 

10.0 

3.33 

0.5 

19.6 

12.67 

6.33 
0.8 

24.5 

3.0 

0.58 

0.5 

8.0 

0.8 

24.0 

23.0 

15.0 

51.0 
4.5 

4.0 
1.67 
1.25 

18.0 

3.0 

10.4 

8.4 

2.0 

12.67 

6.3 

21.0 

10.0 

18.0 

15.0 

26.0 

19.5 

23.6 

15.0 

8.0 

91.6 

7.0 

12.0 

3.0 
0.5 

13.5 
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Thicknees 

Unit  Lithologic  des^criplion  {feet) 

50  Siltstone,  coarse-grained,  to  sandstone,  very  fine  grained,  greenish-gray  (5GY6  1). 

Medium-bluish  gray  (5B5  1)  to  medium  gray  (X5)  at  base.  Flaggy  to  massive 
(upward).  38.3 

49B  Shale,  medium-gray  (N5).  3.0 

49A  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4  2).  High  clay  content.  15.0 

48  Siltstone,  medium-grained,  grayish-red  i5H4  2)  to  medium-dark-greenish  gray 

(5GY5/ 1).  Colors  mixed.  6.0 

47  Sandstone,  medium-  to  coarse-grained,  medium-gray  (N5).  Top  1 inch  grayish  r^d 

(5R4  2).  ' 21.0 

46B  Sandstone,  coarse-  to  very  coarse  grained,  pale-red  (5R6  2).  7.0 

46A  Sandstone,  medium-  to  coarse-grained,  greenish-gray  (5GY6  1).  Conglomeratic.  7.0 

45  Shale  to  fine-grained  siltstone,  dark-grayish-red  (5R3  2).  Massive,  upward  to  fissile. 

Increase  in  clay  content  upward.  Ripples  in  middle.  33.4 

44  Sandstone,  very  fine  grained,  grayish-red  {5R4  2).  5.0 

43  Sandstone,  fine-  to  medium-grained,  grayish-red  (5R4,2).  Massive,  flaggy.  8.0 

42  Sandstone,  coarse-  to  very  coarse  grained,  light -grayish-red  (5R5  2).  Conglomeratic. 

Ripple-marked,  white  and  pink  quartz  pebbles,  red  shale  fragments.  20.9 

41  Sandstone,  medium-grained,  pale-red  (5R6  2).  Massive  upward  to  flaggy.  19.0 

40  ShaU  and  coarse-grained  siltstone,  grayish-red  (5R4  2).  Bedding  indistinct.  6.5 

39  Sandstone,  fine-grained,  grayish-red  (5R4  2).  Interference  ripples  in  middle.  Flaggy.  7.0 

38  Sandstone,  fine-  to  medium-grained,  dark-grayish-red  (5R5  2).  Massive.  7.5 

37  Sandstone,  coarse- to  very  coarse  grained,  dark-grayish-red  (5R5  2).  Conglomeratic.  50.8 


Total  968.26 


SECTION  18 

POCONO  AND  SPECHTY  KOPF  FORMATIONS 

Stratigraphic  description  of  the  Pocono  and  Spechty  Kopf  Formations  at  the 
recommended  type  locality,  Jim  Thorpe,  Pennsylvania.  The  section  occurs  along  a 
railroad  cut  on  the  east  bank  of  the  Lehigh  River.  The  base  is  placed  at  the  southwest 
edge  of  a stone  retaining  wall  located  a few  yards  northeast  of  a road  which  passes 
over  the  Lehigh  Valley  Railroad  to  the  Jim  Thorpe  sewage  treatment  plant.  The 
section  parallels  the  railroad  for  over  2,500  feet  and  ends  along  an  abandoned  railroad 
spur  adjacent  to  a supermarket  parking  lot.  Base  of  section  is  approximately  at 
40°51'36"  N/75°  44'06"  W.  Section  measured  by  W.  D.  Sevon. 


Unit  Lithologic  description 

Mauch  Chunk  Formation 

(93  feet  thick;  incomplete) 

260  Siltstone,  very  coarse  grained,  grayish-red  (5R4  2),  massive;  breaks  down  into 
Fx-  to  34-in. -thick  irregular  plates;  upper  part  is  covered. 

259  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2),  massive;  hackly 

weathered  pieces;  upper  contact  is  gradational. 

258  Siltstone,  fine-to  medium-grained,  olive-gray  (5Y4  1),  mottled  with  grayish  red 
(5R4  2)  to  dusky  red  (5113  4)  along  joints  and  some  bedding  planes;  irregularly 
hackly  weathered  plates,  dominantly  red  at  234  to  3 ft.;  gradational  upper  contact. 

257  Siltstone,  fine-grained,  olive-gray  (5Y5  2)  with  occasional  trace  of  red;  hackly 
weathered  pieces;  weathered  color  slightly  lighter  grt-en;  gradational  upper  contact. 

256  Siltstone,  fine-grained,  greenish-gray  (5GY5/1),  massive;  hackly  weathered  pieces; 
weathered  color  slightly  lighter  green;  gradational  upper  contact. 

255  Siltstone,  coarse-grained,  between  moderate-yellowish-brown  (10YR5  4)  and 

dusky-yellow  (5Y6  4),  massive  with  some  suggestion  of  bedding  planes;  hackly 
weathered  pieces;  gradational  upper  contact. 

254  Sandstone,  very  fine  grained,  between  moderate-yellowish-brown  (10YR5  4)  and 
dusky-yellow  (5Y6,  4),  massive,  structureless,  well  indurated;  basal  1 to  134  R-  is 
fine-grained  sandstone;  well  sorted  quartz  sandstone;  breaks  down  to  hackly  blocks; 
abundant  fine-grained  mica  flakes;  gradational  upper  contact,  uppermost  Pocono 
sandstone  lithology. 

253  Sandstone,  medium-grained,  near  yellowish-gray  (5Y7/  2);  bedding  not  well  defined 
but  some  beds  1 to  6 in.  thick;  well-sorted  subangular  quartz  sandstone  with  some 
clay  matrix  (decomposed  feldspar?);  small  amount  of  very  fine  to  fine-grained 
muscovite  flakes  and  1 percent  medium-grained  biotite  flakes;  gradational  upper 
contact. 


Thickness 
(in  feet) 


2.5 
0. 75 

8.0 

1.83 

1.42 

6.0 

11.0 


7.5 
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Unit  Lithologic  description 

252  Sandstone,  massive  unit  with  color  near  yellowish-gray  (5Y7/2);  internal  subdivi- 
sion is: 

Seven  ft.  6 in,:  sandstone,  medium-grained;  quartz  sandstone,  with  occasional 
pebbles  up  to  in.  in  diameter  scattered  at  random;  some  of  sand  may  be  coarse 
grained. 

One-fourth  to  2 in.:  pebble  zone;  rounded  quartz  pebbles  along  well-defined  plane; 
1-in,  maximum,  }4-m.  average. 

Ten  in.:  sandstone,  fine-  to  medium-grained;  quartz  sand;  no  pebbles;  sharp  upper 
contact. 

251  Covered  interval. 

250  Siltstone,  medium-  to  coarse-grained,  near  grayish-orange  (10YR7/4),  massive; 
breaks  into  small  hackly  pieces. 

249  Siltstone,  very  coarse  grained,  near  grayish-orange  {10YR7/4);  upper  contact  is 
sharp  bedding  plane. 

248  Sandstone,  very  fine  to  fine-grained,  light-olive-gray  (5Y6/1)  with  slight  reddish- 
brown  appearance;  quartz  sandstone;  some  muscovite  flakes  up  to  very  coarse 
grained;  some  dark  grains;  upper  contact  sharp  bedding  plane. 

247  Siltstone,  very  coarse  grained,  near  grayish-orange  (10YR7/4);  irregular  sharp 
upper  contact. 

246  Sandstone,  very  fine  to  fine-grained,  light-olive-gray  (5Y6/1)  with  slight  red  appear- 
ance; some  muscovite  flakes  up  to  very  coarse  grained;  some  dark  grains;  sharp 
upper  contact. 

245  Sandstone,  very  fine  grained  with  very  coarse  grained  silt,  light-olive-gray  (5Y6/1) 
with  red  appearance,  well-bedded  with  to  l^-in. -thick  beds;  some  fine-grained 
mica  flakes;  disintegrates  easily;  sharp  upper  contact. 

244  Sandstone,  fine-grained,  light-olive-gray  (5Y6/1)  with  slight  red  appearance,  mas- 
sive, well-indurated;  joints  normal  to  bedding;  mica  flakes  up  to  medium  grained; 
sharp  upper  contact. 

243  Sandstone,  as  unit  245. 

242  Sandstone,  fine-grained  (basal  3 ft.  of  unit  is  gradational  from  fine  to  medium 
grained),  light-olive-gray  (5Y6/1)  with  slight  red  appearance,  massive,  well- 
indurated;  mica  flakes  up  to  medium  grained;  sharp  upper  contact;  basal  surface  is 
knobbly  and  knobs  may  be  small  load  casts. 

241  Siltstone,  fine-grained,  greenish-gray  (5GY6/1  to  5G6/1);  prominent  cleavage; 
weak  zone;  disintegrates  into  hackly  pieces;  sharp  upper  contact. 

240  Siltstone,  fine-grained,  grayish-red  (5R4/2);  prominent  cleavage;  disintegrates  into 
hackly  pieces;  zone  1J4  to  2 ft.  above  the  base  nearly  quartzitic;  gradational  upper 
contact. 

239  Siltstone,  coarse-grained,  grayish-red  (5R4/2)  to  dusky-red  (5R3/4);  very  fine 
grained  mica  flakes;  numerous  bedding  planes;  disintegrates  into  hackly  plates 
which  parallel  bedding;  gradational  upper  contact. 

238  Sandstone,  very  fine  grained,  gray-red-purple  (5RP4/2),  very  hard  and  well  in- 
durated; some  mica  flakes:  some  mottling  in  lower  half;  abrupt  gradational  upper 
contact. 

Pocono  Formation 

(821.16  feet  thick;  complete) 

237  Sandstone,  fine-grained,  near  pale-brown  (5YR5/2)  or  pale-yellowish-brown 
(10YR4/2)  with  slightly  gray  appearance,  quartzitic,  massive;  some  conchoidal 
parting;  some  mica  flakes;  gradational  upper  contact. 

236  Covered  interval.  Top  of  covered  interval  is  at  north  edge  of  stone  foundation 
structure  which  probably  upheld  a water  tank  at  one  time.  Base  of  the  covered 
interval  is  at  the  top  of  the  last  well-exposed  sandstone  to  the  south  of  the  stone 
foundation. 

235  Sahdstone,  medium-grained,  light-gray  (N7),  quartzitic,  massive:  some  small  spots 
of  clay;  over  95  percent  quartz;  few  dark  grains;  sandstone  may  be  coarse  grained 
in  part. 

234  Sandstone,  medium-grained,  light-gray  (N7),  quartzitic;  contains  medium-gray  (N4) 
shale  chips  up  to  1}^  in.  in  diameter  and  I'g  in.  thick  and  rounded  quartz  pebbles  to 
}/2  irt-  in  diameter;  some  coarse-  to  very  coarse  grained  muscovite  flakes;  shale  chips 
may  be  a disrupted  clay  layer;  gradational  upper  contact  (part  of  same  unit  as  235). 

233  Sandstone,  medium-grained,  light-gray  (N7),  quartzitic;  coarse-  to  very  coarse 
grained  muscovite  flakes  abundant;  possible  planar  crossbed  at  top;  plant  fossil 
molds  on  some  surfaces;  small  to  pyritic  nodules;  sharp  upper  contact. 

232  Sandstone,  as  unit  233,  but  with  definite  beds  to  1 in.  thick. 

231  Sandstone,  as  unit  233,  but  massive. 

230  Sandstone,  fine-grained,  light-gray  (N7);  contains  scattered  coarser  sand  grains  and 

rounded  quartz  pebbles  up  to  ^ in.  in  diameter  and  medium-gray  (N4)  shale  chips 
up  to  1)/^  in.  in  diameter.  Sharp  upper  contact. 

229  Shale,  light-olive-gray  {5Y5/2),  irregular, slickensided,  laterally  discontinuous;  sharp 
contacts. 

228  Sandstone,  as  unit  230,  but  with  more  shale  chips;  sharp  upper  contact, 

227  Sandstone,  as  unit  233;  rapidly  gradational  upper  contact. 
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Thickness 

Unit  Lithologic  description  tin  feet) 

226  Sandstone,  as  unit  230,  but  with  only  rare  quartz  pebbles;  lateral  variation  in 

thickness  from  3 to  10  in.;  sharp  upper  contact.  0.83 

225  Sandstone,  as  unit  233;  sharp  upper  contact.  10.0 

224  Sandstone,  medium-  to  very  coarse  grained,  angular  to  subrounded  quartz  grains 

with  some  pebbles  up  to  34  in  diameter  set  in  a matrix  of  hard  black  clayey  ma- 
terial; some  mica  flakes;  some  dark-gray  (N3)  shale  chips;  some  irregular  bedding 
planes;  sharp  upper  contact.  0.25 

223  Sandstone,  medium-grained,  light-gray  (N7),  quartzitic,  massive;  some  hairline 
dark-gray  (N3)  shale  planes  and  rare  shale  chips  parallel  to  bedding;  numerous 
rounded  quartz  pebbles  up  to  34  in.  in  diameter  in  basal  2 ft.;  sharp  upper  contact.  12.0 

222  Sandstone,  medium-grained,  light-gray  (N7),  quartzitic,  massive;  scattered  planes 

with  shale  chips;  gradational  upper  contact.  27.0 

221  Sandstone,  medium-  to  very  coarse  grained,  light-gray  (N7),  quartzitic;  scattered 

subangular  quartz  pebbles  up  to  31  in.  in  diameter,  gradational  upper  contact.  0.83 

220  Sandstone,  as  unit  222,  but  partially  covered;  gradational  upper  contact.  10.0 

219  Conglomerate,  pebbles  up  to  34  in.  in  diameter  in  matrix  of  medium-  to  very  coarse 

grained  quartz  sand;  some  blue  to  dark-gray  {N3)  shale  chips;  no  bedding;  poorly 
sorted;  sharp  upper  contact.  3.0 

218  Sandstone,  coarse-grained  grading  to  medium-grained  in  upper  third,  light-gray  (N7), 
quartzitic;  may  be  crossbedded;  breaks  into  slabs  2 to  3 in.  thick;  sharp  upper 
contact.  16.0 

217  Conglomerate,  tg.  to  34-in.  pebbles  compose  over  50  percent  of  conglomerate;  some 

matrix  is  fine-  to  medium-grained  sand,  massive,  quartzitic;  no  bedding  but  some 
parting  parallel  to  bedding;  orientation  of  long  pebble  axes  parallel  to  bedding; 
gradational  upper  contact.  4.5 

216  Sandstone,  medium-grained,  light-gray  (N7),  quartzitic,  partially  covered  in  lower 

5 feet;  sharp  upper  contact.  13.0 

215  Sandstone,  medium-grained,  light-gray  (N7),  quartzitic,  massive;  upper  surface  has 
abundant  medium-gray  (N5)  shale  chips  up  to  5 in.  in  diameter  but  generally  2 in. 
or  less  in  diameter;  random  quartz  pebbles  up  to  34  diameter;  rare  shale  chips 

throughout  and  a plane  of  shale  chips  3 ft.  6 in.  above  base;  sharp  upper  contact.  16.5 

214  Conglomerate,  rounded  quartz  pebbles  up  to  % in.  in  diameter  which  average  34  to 
34  in.  in  diameter  and  compose  25  to  50  percent  of  the  conglomerate;  matrix  is 
coarse-  to  very  coarse  grained  quartz  sand;  scattered  shale  chips  up  to  3 in.  in 
diameter;  sharp  upper  contact.  0.83 

213  Sandstone,  medium-  to  coarse-grained,  light-gray  (N7),  quartzitic,  massive;  few 

scattered  rounded  quartz  pebbles  up  to  34  in.  in  diameter;  sharp  upper  contact.  2.5 

212  Conglomerate,  rounded  quartz  pebbles  averaging  3^4  in.  in  diameter  compose  25 
percent  of  conglomerate;  medium-grained  quartz  matrix;  light  gray  (N7)  to  very 
light  gray  (N8);  quartzitic;  no  bedding;  poor  sorting;  gradational  upper  contact.  2.0 

211  Sandstone,  medium-grained,  medium-light-gray  (N6),  quartzitic;  some  scattered 
very  coarse  grained  quartz  grains;  bedding  indicated  by  very  fine  dark  lines  (mineral 
concentrate?);  suggestion  of  large  crossbed;  occasional  shale  chips  up  to  6 in.  in 
diameter  in  lower  half  and  a nearly  continuous  shale-chip  horizon  at  7 ft.  6 in. 
above  base;  sharp  upper  contact.  14.5 

210  Conglomerate,  light-gray  (N7)  stained  reddish  brown  (10R3  4);  quartz  pebbles  up 
to  34  diameter  and  averaging  34  in.  in  diameter;  matrix  is  medium-grained 

quartz  sand;  quartzitic;  no  bedding  evident;  poor  .sorting;  sharp  upper  contact.  3.5 

209  Sandstone,  fine-  to  medium-grained,  light-gray  (N7),  quartzitic;  some  scattered 
rounded  quartz  pebbles  up  to  34  iti.  in  diameter;  long  crossbeds  1 to  2 in.  thick  taper 
to  zero  thickness;  upper  contact  sharp  and  irregular.  2.5 

208  Sandstone,  medium-grained  with  up  to  10  percent  rounded  quartz  pebbles  up  to 

34  in.  in  diameter  randomly  scattered;  quartzitic;  sharp  upper  contact.  0.58 

207  Sandstone,  medium-grained,  light-gray  (N7),  massive,  quartzitic;  some  scattered 

quartz  pebbles  up  to  34  in.  in  diameter;  sharp  and  irregular  upper  contact.  3.0 

206  Sandstone,  coarse-  to  very  coarse  grained,  light-gray  (N7),  massive,  quartzitic;  up 

to  10  percent  quartz  pebbles  up  to  34  ^n.  in  diameter;  sharp  upper  contact.  4.75 

205  Sandstone,  fine-grained,  light-gray  (N7);  brown  weathered  color;  massive;  may  be 

laterally  discontinuous;  sharp  upper  contact.  0.83 

204  Conglomerate,  over  25  percent  pebbles  averaging  34  in.  in  diameter  with  maximum 
34-in.  diameter;  medium-  to  coarse-grained  sand  matrix;  light  gray  (N7) ; quartzitic; 
rounded  to  subangular  pebbles;  sharp  upper  contact.  3.5 

203  Sandstone,  medium-  to  coarse-grained,  very  light  gray  (N8),  quartzitic;  some  bed- 
ding planes;  sharp  upper  contact.  3-0 

202  Conglomerate,  as  unit  204.  0.42 

201  Sandstone,  as  unit  203.  2.5 

200  Sandstone,  medium-  to  coarse-grained,  light-gray  (N7),  quartzitic;  up  to  10  percent 
pebbles  up  to  34  in.  in  diameter;  some  medium-dark-gray  (N4)  shale  chips  up  to 
2 in.  in  diameter;  some  irregular  planes  present;  upper  half  mainly  covered;  grada- 
tional upper  contact.  20.0 

199  Conglomerate,  pebbles  averaging  34  to  34  in.  in  diameter  with  maximum  of  1 in.; 
coarse-  to  very  coarse  grained  sandstone  matrix;  some  shale  chips  up  to  5 in.  in 
diameter,  massive;  no  bedding,  poorly  sorted;  sharp  upper  contact.  2.0 
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Thickness 

^ nit  Lithologic  description  {in  feet) 

198  Sandstone,  medium-  to  coarse-grained,  light-gray  (N7),  quartzitic;  gradational 

upper  contact.  2.0 

197  Conglomerate,  as  unit  199;  sharp  upper  contact.  2.0 

196  Sandstone,  as  unit  198,  with  some  crossbed  planes  at  base;  sharp  upper  contact.  1.33 

195  Conglomerate,  as  unit  199;  gradational  upper  contact.  2.0 

194  Sandst<ine,  very  fine  to  fine-grained,  medium-dark-gray  (N4),  moderately  well 
indurated;  some  mica  Hakes;  crossbeds  with  * if,-  to  ^x-in. -thick  beds;  sharp  upper 
contact.  2.0 

193  Sandstone,  fine-  to  medium-grained,  light-gray  (N7),  massive,  quartzitic;  plant 

fossil  molds  on  bedding  planes;  crossbed  topsets;  gradational  upper  contact.  4.0 

192  Conglomerate,  pebble  content  varies  from  15  to  50  percent;  pebbles  average  ^ in.  in 
diameter  with  maximum  in.;  rounded  to  subangular  pebbles;  fine-  to  medium- 
grained sand  matrix;  quartzitic;  sharp  upper  contact.  4.5 

191  Sandstone,  fine-  to  medium-grained,  light-gray  (N7),  quartzitic,  thinly  bedded  in 

part;  gradational  upper  contact.  10.0 

190  Conglomerate,  pebbles  averaging  }A  in.  in  diameter  with  maximum  2]^  in.;  pebbles 
are  rounded  quartz;  medium-  to  coarse-grained  sand  matrix;  quartzitic;  pebbles  are 
partially  aligned  with  axes  parallel  to  bedding  and  defined  pebble  beds;  laterally 
irregular  in  thickness  and  in  places  includes  part  of  the  overlying  bed:  massive; 
sharp  upper  contact.  4.0 

189  Sandstone,  as  unit  191;  sharp  upper  contact.  0.83 

188  Conglomerate,  rounded  quartz  pebbles  up  to  2^/^  in.  in  diameter  with  average  ^ to 
1 in. ; medium-  to  coarse-grained  sandstone  matrix;  massive;  structureless;  irregularly 
defined  sandstone  beds  occur  in  the  upper  15  feet;  sharp  upper  contact.  50.0 

187  Sandstone,  fine-grained,  medium-light-gray  (N5),  massive,  quartzitic;  some  shale 
chips  up  to  4 in.  in  diameter  randomly  scattered;  fossil  plant  molds  on  some  bedding 
planes;  structureless,  very  uniform  appearance;  sharp  irregular  upper  contact.  28.0 

186  Sandstone,  fine-grained,  medium-light-gray  (N5),  massive;  quartzitic;  some  shale 
chips  which  arc  sufficiently  abundant,  well  oriented,  and  large  to  suggest  a disrup- 
tion of  an  original  clay-shale  deposit ; shale  chips  lacking  in  central  1 in. ; sharp  upper 
contact.  23.5 

185  Sandstone,  as  unit  187,  with  rare  quartz  pebbles  up  to  diameter;  sharp 

upper  contact.  11 . 0 

184  Conglomerate,  light-gray  (N7);  pebbles  up  to  H if'  diameter  and  average  M in.; 
medium-grained  sandstone  matrix  is  25  to  50  percent  of  the  whole;  quartzitic;  sharp 
upper  contact.  1 . 0 

183  Sandstone,  fine-grained,  medium-light-gray  (N6);  clayey  matrix;  very  coarse 

grained  mica  Hakes;  massive  but  breaks  into  beds;  gradational  upper  contact.  7.0 

182  Shale,  gray-black  iN2)  to  black  (Nl),  clayey,  thin-bedded,  very  crushed  and  dis- 
torted: upper  contact  obscure  but  apparently  sharp.  5.0 

181  Sandstone,  medium-grained,  very  light  gray  (N8),  quartzitic,  laterally  has  con- 
glomerate zones  up  to  6 in.  thick;  lower  2 ft.  is  crossbedded  and  rests  on  an  irregular 
surface;  sharp  upper  contact.  8.0 

180  Conglomerate,  25  to  50  percent  pebbles  averaging  to  1 in.  in  diameter;  some 
elongate  pebbles  are  up  to  2 in.  long  while  others  are  more  nearly  spherical  and  near 
1 in.  in  diameter;  pebbles  are  rounded  to  subrounded;  medium-grained  sand  matrix; 
massive;  quartzitic;  structureless;  some  cavities  filled  with  quartz  crystals  up  to 
^ in.  long  and  in.  in  diameter;  sharp  irregular  upper  contact.  21.5 

179  Sandstone,  medium-grained,  very  light  gray  (N8),  quartzitic,  massive,  structure- 
less; some  red  stain  in  parts;  well  sorted;  sharp  irregular  upper  contact.  5.5 

178  Sandstone,  very  coarse  grained,  very  light  gray  (N8);  fair  sorting;  sharp  upper  con- 
tact. 2.0 

177  Sandstone,  as  unit  179;  sharp  upper  contact.  0.67 

176  Conglomerate,  over  50  percent  pebbles  averaging  ^ to  in.  in  diameter  with 
maximum  l-in.  diameter,  massive,  structureless,  quartzitic;  sharp  irregular  upper 
contact.  7.0 

175  Siltstone,  medium-  to  coarse-grained,  brown;  some  medium-grained  quartz  grains; 

discontinuous;  irregular  upper  contact.  0.17 

174  Conglomerate,  as  unit  176;  irregular  thickness  varies  from  6 to  12  in.;  sharp  upper 

contact.  1 . 0 

173  Sandstone,  medium-grained,  medium-gray  (N5),  moderately  indurated;  dark-gray 
(N3)  shale  chips  up  to  2^  in.  in  diameter  with  average  less  than  lower  2 in.;  has  15 
to  25  percent  quartz  pebbles  M fo  M 'f'-  'ff  diameter;  sharp  upper  contact.  0.5 

172  Sandstone,  medium-grained,  medium-gray  (N5),  moderately  well  indurated;  may 

intertongue  laterally  with  conglomerate;  gradational  upper  contact.  2.25 

171  Sandstone,  coarse-grained,  light-gray  {N7),  moderately  well  indurated  to  quartzitic; 
some  scattered  ^-in. -diameter  quartz  pebbles;  some  red  iron  stain;  sharp  upper 
contact.  5-0 

170  Shale,  black;  thin  weak  zone  of  fine-grained  siltstone  at  base  grades  up  into  shale 
with  intermixed  medium-grained  sandstone  stringers  and  zones  of  pure  clay  shale; 
some  suggestion  of  plant  impressions;  unit  is  crushed  and  weathered;  underlying 
sandstone  surface  has  holes  which  may  represent  areas  from  which  shale  has  been 
weathered;  sharp  upper  contact.  6.0 
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169  Sandstone,  medium-grained,  quartz  grains  set  in  fine-grained  matrix,  medium-dark- 
gray  (N4)  to  dark-gray  (N3),  quartzitic;  occasional  shale  chips;  sharp  upper  contact 
with  irregular  holes  on  upper  surface  probably  representing  holes  from  which  over- 
lying  shale  was  weathered. 

168  Siltstone,  medium-  to  coarse-grained,  dark-gray  {N3),  massive,  structureless;  im- 
pression of  log  at  least  7 ft.  long  on  bedding  plane;  gradational  upper  contact; 
thickness  varies  from  4 to  9 in. 

167  Sandstone,  medium-grained,  light-gray  (N7),  massive,  quartzitic;  sharp  upper 
contact. 

166  Sandstone,  medium-  to  coarse-grained,  light-gray  (N7),  with  10  to  20  percent  quartz 
pebbles  averaging  ^ n to  ^ in.  in  diameter,  quartzitic;  some  intermixed  siltstone; 
sharp  irregular  upper  contact. 

165  Sandstone,  as  unit  167,  with  crossbedding  shown  by  dark  lines  on  fresh  surfaces; 
overall  appearance  is  massive;  sharp  irregular  upper  contact. 

164  Siltstone,  medium-grained,  dark-gray  (X3),  ^ k-  to  J<4-in. -thick  beds;  conchoidal 
weathering  masses;  discontinuous  sandstone  layer  2 ft.  above  base  varies  from  0 to 
2 ft.  thick;  sharp  irregular  upper  contact. 

163  Sandstone,  medium-grained,  medium-dark-gray  tN4)  to  medium-gray  (N5), 
quartzitic;  scattered  rounded  quartz  pebbles  up  to  ^ in.  in  diameter  in  basal  2 in.; 
coarse-grained  mica  flakes  in  upper  10  ft.;  structureless  for  most  part  but  some  bed- 
ding in  upper  10  ft.;  sharp  irregular  upper  contact. 

162  Shale,  black;  * le-  to  ^«-in.  beds;  sharp  upper  contact. 

161  Sandstone,  medium-grained,  light-gray  (N7},  quartzitic;  grades  from  very  coarse 
grained  sandstone  at  base  to  medium-grained  sandstone  2 ft.  above  base;  top  of  6-in.- 
thick  zone  of  mi.xed  sandstone  and  shale  at  9 in.  below  top;  sharp  upper  contact. 

160  Conglomerate,  25  to  50  percent  rounded  quartz  pebbles  averaging  3^  to  H in.  in 
diameter  with  maximum  2 in.;  medium-  to  coarse-grained  sand  matrix;  7 ft.  above 
base  is  discontinuous  zone  of  siltstone  and  pebble-free  sandstone;  sharp  upper  con- 
tact. 

Spechfy  Kopf  Formation 

(547.83  feet  thick;  complete) 

159  Siltstone,  fine-grained,  light-olive-gray  (5Y5  2);  basal  6 in.  fines  upward  from 
coarse-grained  siltstone;  hackly  breakup;  irregular  upper  contact. 

158  Sandstone,  medium-grained,  medium-gray  (N5),  poorly  sorted,  quartzitic;  sharp 
upper  contact. 

157  Sandstone,  very  fine  grained,  light-gray  (N7),  quartzitic;  ]/i-  to  1-in.  beds;  sharp 
upper  contact. 

156  Sandstone,  as  unit  158,  but  with  basal  1 in.  containing  rounded  3<i-in--^ianieter 
quartz  pebbles;  sharp  upper  contact. 

155  Sandstone,  as  unit  157;  sharp  upper  contact. 

154  Sandstone,  as  unit  158,  but  with  some  quartz  pebbles  scattered  throughout; 

sharp  upper  contact. 

153  Siltstone,  coarse-grained,  between  grayish-orange  (10YR7  4)  and  moderate-  yellow- 
ish-brown (10YR5  4),  massive,  structureless;  hackly  weathering;  sharp  upper 
contact. 

152  Sandstone,  very  fine  grained,  light-olive-gray  (5Y5  2);  fine-  to  medium-grained 
mica  fiakes  abundant;  sharp  upper  contact. 

151  Siltstone,  as  unit  153;  sharp  upper  contact. 

150  Sandstone,  as  unit  152;  sharp  upperVontact. 

149  Siltstone,  as  unit  153;  sharp  upper  contact. 

148  Sandstone,  as  unit  152;  sharp  upper  contact. 

147  Siltstone,  as  unit  153;  sharp  upper  contact. 

146  Sandstone,  fine-grained,  medium-gray  (N5),  quartzitic;  definite  beds;  sharp  upper 
contact. 

145  Siltstone,  as  unit  153;  basal  IH  ft-  r^ay  be  slightly  coarser  than  rest;  sharp  upper 
contact. 

144  Siltstone,  coarse-grained,  medium-dark-gray  (N4);  massive  at  top,  2-  to  3-in.  beds 
at  base;  gradational  upper  contact. 

143  Sandstone,  very  fine  grained,  medium-dark-gray  (N4),  quartzitic,  bedded  with  some 
crossbedding  shown  by  dark  lines;  sharp  upper  contact. 

142  Siltstone,  medium-to  coarse-grained,  medium-gray  (N4);  may  be  laterally  discon- 
tinuous; medium-grained  mica  fiakes;  shaly  nature;  sharp  upper  contact. 

141  Sandstone,  fine-grained,  medium-gray  (N5},  quartzitic,  massive;  may  be  medium- 
grained in  lower  part;  sharp  upper  contact. 

140  Sandstone,  fine-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5);  abundant 
coarse-  to  very  coarse  grained  mica  flakes  on  bedding  planes;  large  thin  tabular 
crossbed  sheets  34  to  ^ thick  with  low  inclinations;  very  well  indurated;  sharp 
upper  contact. 

139  Sandstone,  fine-  to  medium-grained,  medium-dark-gray  (N4),  quartzitic,  massive; 

crossbed  sheets  2 to  6 in.  thick;  sharp  bedding  planes;  coarse-grained  mica  flakes  on 
some  bedding  planes;  sharp  upper  contact. 
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( nit  Lithologic  description  {in  feet) 

138  Shale,  mixed  dark-gray  (N3)  clay  shale  and  coarse-grained  sandstone;  shale  seems 
to  occur  in  thin  layers;  sandstone  is  moderately  to  poorly  indurated;  sharp  upper 
contact.  1.17 

137  Sandstone,  fine-grained  becoming  medium-grained  in  upper  6 in.,  medium-dark- 

gray  (N4),  quartzitic;  sharp  upper  contact.  2.17 

136  Siltstone,  coarse-  to  very  coarse  grained,  medium-dark-gray  (N4);  mica  flakes; 

laterally  discontinuous;  thin  bedded  and  platy;  sharp  upper  contact.  0.08 

135  Sandstone,  as  unit  137;  sharp  upper  contact.  2.42 

134  Siltstone,  fine-  to  medium-grained,  near  greenish-gray  (5GY6  1),  stained  with 
metallic  color  near  grayish  blue  (5PB4  2);  weathered  surface  is  knobbly  and  iron 
stained;  very  disrupted  appearance,  sharp  upper  contact.  2.0 

133  Sandstone,  very  fine  grained,  medium-dark-gray  (N4),  well-indurated;  abundant 
medium-grained  mica  flakes;  upper  6 in.  has  to  1-in. -thick  beds,  lower  part  is 
massive;  sharp  upper  contact.  2.0 

132  Siltstone,  coarse-grained,  medium-dark-gray  (N4),  hard,  brittle,  very  homogeneous; 

sharp  upper  contact.  0.42 

131  Sandstone,  medium-grained,  partly  fine-grained  in  middle  third,  medium-gray 

(N5),  quartzitic;  large  tabular  crossbed  sheets;  sharp  upper  contact.  17.0 

130  Shale,  black  (Nl),  platy,  laterally  discontinuous,  very  disrupted;  irregular  sharp 

upper  contact.  0.17 

129  Sandstone,  very  fine  grained,  medium-dark-gray  (N4),  quartzitic,  massive;  very 
faint  suggestion  of  bedding;  some  bedding  planes  marked  by  very  coarse  grained 
mica  flake.s;  irregular  upper  contact.  6.5 

128  Siltstone,  coarse-grained,  dark-gray  (N3);  hackly  breakup;  some  interlaminated 

fine-grained  sandstone  but  mainly  siltstone;  irregular  sharp  upper  contact.  1.0 

127  Sandstone,  medium-grained,  medium-dark-gray  (N4)  to  medium-gray  (N5;,  quartz- 
itic, massive;  few  scattered  * k-  to  shale  chips  in  upper  6 in.;  some  breakup 

into  6-in. -thick  beds;  some  suggestion  of  crossbedding  in  middle  third;  irregular 
sharp  upper  contact.  19.5 

126  Sandstone,  very  fine  grained,  dark-gray  (N3);  1-  to  2-in.  beds;  quartzitic:  sharp 

upper  contact.  3.17 

125  Sandstone-shale,  zone  of  mixed  medium-grained  sandstone  and  black  shale  in  thin 

layers  and  shale  chips:  irregular  and  disrupted  zone;  sharp  upper  contact.  0.67 

124  Sandstone,  fine-  to  medium-grained,  medium-dark-gray  (N4),  quartzitic;  *8-  to 

shale  chips  scattered  throughout  along  bedding  planes;  sharp  upper  contact.  0.33 

123  Siltstone,  coarse-  to  very  coarse  grained,  dark-gray  (N3),  laminated;  mica  flakes: 

hard;  sharp  upper  contact.  0.17 

122  Sandstone,  as  unit  124;  sharp  upper  contact.  0.12 

121  Siltstone,  as  unit  123;  sharp  upper  contact.  0.75 

120  Sandstone,  fine-grained,  medium-dark-gray  (N4),  well-indurated;  some  coarse- 
grained mica  flakes  on  bedding  planes;  sharp  upper  contact.  1.67 

119  Sandstone-shale,  as  unit  125;  sharp  upper  contact.  0.83 

118  vSandstone,  as  unit  120;  sharp  upper  contact.  8.0 

117  Sandstone,  medium-grained,  medium-dark-gray  (N4),  massive,  quartzitic;  upper 

1 in.  is  coarse  grained  with  * g-  to  k4-io.  shale  chips;  sharp  upper  contact.  3.33 

116  Siltstone,  medium-grained,  medium-dark-gray  (N4),  hard,  homogeneous,  slightly 

brittle;  sharp  hackly  breakup  pieces;  sharp  upper  contact.  4.0 

115  Sandstone,  medium-grained,  medium-light-gray  (N6),  moderately  well  indurated; 
abundant  coarse-grained  mica  flakes;  hairline  dark  laminae  indicate  bedding;  sharp 
upper  contact.  2.0 

114  Siltstone,  fine-  to  medium-grained,  medium-gray  (N5)  to  light-olive-gray  (5Y5/2), 

platy,  disrupted;  upper  contact  gradational.  0.67 

113  Sandstone,  fine-grained,  medium-gray  (N5),  well-indurated,  bedded,  gradational 

upper  contact.  0.58 

112  Siltstone,  very  coarse  grained,  medium-dark-gray  (N4),  bedded;  some  fine-grained 

mica  flakes;  gradational  upper  contact.  1.75 

111  Sandstone,  medium-grained,  medium-gray  (N5),  quartzitic,  massive:  some  medium- 
grained mica  flakes;  sharp  upper  contact.  10.0 

110  Siltstone,  coarse-  to  very  coarse  grained,  medium-dark-gray  (N4),  massive;  breaks 

into  to  -thick  beds;  slightly  brittle;  sharp  upper  contact.  4.0 

109  Sandstone,  very  fine  grained,  medium-dark-gray  (N4),  quartzitic,  massive;  some 

bedding  shown  by  hairline  dark  lines;  sharp  upper  contact.  18.0 

108  Siltstone,  fine-grained,  medium-dark-gray  (N4),  massive,  quartzitic;  becomes 
coarser  upward  in  upper  half  and  is  coarse  grained  in  upper  1 in.;  sharp  upper  con- 
tact. 8.0 

107  Fault  plane;  crush  zone  of  dark  siltstone.  u.25 

106  Sandstone,  medium-  to  coarse-grained,  medium-light-gray  (N6),  quartzitic;  faulted 
surface  is  very  irregular;  thickness  may  be  less  than  indicated  since  laterally  there  is 
some  wedging  of  this  unit  and  considerable  irregularity.  6.0 

105  Siltstone,  very  coarse  grained,  medium-dark-gray  (N4),  laminated;  dark  color  bands 
show  laminae  less  than  1 mm  apart:  some  2-  to  6-in. -thick  medium-  to  coarse- 
grained sandstone  layers  along  lateral  extension  may  be  faulted  into  position;  sharp 
upper  contact.  2.0 
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104  Sandstone,  fine-  to  medium-grained,  medium-dark-gray  (\5),  quartzitic,  massive; 
lower  surface  is  irregular  with  possible  load  casts;  sharp  upper  contact. 

103  Siltstone,  medium-grained,  medium-dark-gray  (N4),  massive;  sharp  upper  contact. 

102  Sandstone,  medium-grained,  partly  coarse-grained,  medium-gray  (N5),  quartzitic; 

scattered  shale  chips:  lateral  variation  in  thickness  ( I to  4 in.  i ; sharp  upper  contact . 

101  Sandstone,  medium-grained,  medium-gray  (N5),  quartzitic,  massive;  gradational 
upper  contact. 

100  Sandstone,  medium-grained,  medium-dark-gray  (N4),  quartzitic;  shale  chips  up  to 
^4  in.  in  diameter  mixed  irregularly  throughout;  sharp  upper  contact. 

99  Sandstone,  as  unit  101;  upper  contact  gradational. 

98  Sandstone,  as  unit  100;  gradational  upper  contact. 

97  Sandstone,  fine-grained,  medium-dark-gray  (N4),  quartzitic;  gradational  upper 
contact. 

96  Sandstone,  coarse-  to  very  coarse  grained;  rare  quartz  pebbles  to  ^ in.  in  diameter; 
some  shale  chips  up  to  *4  in.;  gradational  upper  contact. 

95  Sandstone,  as  unit  97,  with  laminae  indicated  by  color  lines;  gradational  upper 
contact. 

94  Sandstone,  as  unit  96,  with  numerous  shale  chips  up  to  H in.  in  diameter  which 
weather  with  iron  stain;  gradational  upper  contact. 

93  Sandstone,  very  fine  grained,  medium-dark-gray  (N4),  quartzitic:  gradational  upper 
contact. 

92  Sandstone,  very  fine  grained,  medium-dark-gray  (N4):  rounded  quartz  pebbles  up 
to  ^ in.  in  diameter  and  rounded  dark-gray  (N3)  shale  pebbles  with  iron-stained 
rims  up  to  1 in.  in  diameter;  gradational  upper  contact. 

91  Sandstone,  as  unit  93;  gradational  upper  contact. 

90  Sandstone,  as  unit  92:  laterally  this  unit  and  unit  92  may  become  one  with  no  central 
sandstone:  weathered  shale  chips  leave  moderate-brown  pits  on  rock;  gradational 
upper  contact. 

89  Sandstone,  fine-grained,  medium-gray  (N5),  quartzitic;  1-  to  6-in. -thick  beds;  load 
casts  on  lower  surface;  gradational  upper  contact. 

88  Siltstone.  medium-grained,  m(‘dium-dark-gray  (N4),  massive:  prominent  cleavage; 
gradational  upper  contact. 

87  Siltstone,  very  fine  grained,  medium-dark-gray  (N4),  quartzitic,  massive:  several 
1 l^-in. -diameter  weathered  pyrite  nodules;  gradational  upper  contact. 

86  Siltstone,  as  unit  88;  sharp  upper  contact. 

85  Sandstone,  as  unit  87;  sharp  upper  contact. 

84  Siltstone,  as  unit  88;  this  unit  grades  upward  from  underlying  unit  and  although  the 
contact  is  distinctive  it  is  really  one  continuous  graded  bed;  sharp  upper  contact. 

83  Sandstone,  as  unit  87;  gradational  upper  contact. 

82  Sandstone,  as  unit  87,  with  siltstone  in  upper  ^ in.;  sharp  upper  contact. 

81  Sandstone,  as  unit  82;  sharp  upper  contact. 

80  Sandstone,  as  unit  87;  sharp  upper  contact. 

79  Sandstone,  as  unit  87,  with  upper  1 in.  siltstone  as  unit  88;  sharp  upper  contact. 

78  Sandstone,  as  unit  79;  sharp  upper  contact. 

77  Sandstone,  as  unit  79;  upper  ^ in.  siltstone;  sharp  upper  contact. 

76  Sandstone,  as  unit  77;  sharp  upper  contact. 

75  Sandstone,  as  unit  77;  sharp  upper  contact. 

74  Sandstone  and  siltstone,  sandstone  (as  unit  87)  1 l^-in.  thick  grades  up  into  siltstone 
(as  unit  88);  sharp  upper  contact. 

73  Siltstone,  as  unit  88,  seems  nearly  gradational  from  lower  unit  and  into  upper  unit 
and  is  typical  of  the  siltstone  beds  in  this  part  of  the  section.  Basal  contact  is  the 
sharpest  in  appearance  and  the  siltstone  is  marked  by  acute-angle  cleavage;  sharp 
upper  contact. 

72  Sandstone,  as  unit  87;  sharp  upper  contact. 

71  Siltstone,  as  unit  88;  sharp  upper  contact. 

70  Sandstone,  as  unit  87;  sharp  upper  contact. 

69  Siltstone,  as  unit  88;  sharp  upper  contact. 

68  Sandstone,  as  unit  87;  sharp  upper  contact. 

67  Siltstone,  as  unit  88;  sharp  upper  contact. 

66  Sandstone,  as  unit  87;  gradational  upper  contact. 

65  Siltstone,  as  unit  88;  parting  of  siltstone;  sharp  contacts. 

64  Sandstone,  as  unit  87;  sharp  upper  contact. 

63  Siltstone,  as  unit  88;  parting  of  siltstone  which  varies  in  thickness  laterally;  sharp 
contacts. 

62  Sandstone,  as  unit  87;  sharp  upper  contact. 

61  Siltstone,  as  unit  88;  parting  of  siltstone  which  laterally  thickens  and  thins;  sharp 
contacts. 

60  Sandstone,  as  unit  87;  sharp  contacts. 

59  Siltstone,  as  unit  88;  sharp  contacts. 

58  Sandstone,  fine-grained,  medium-dark-gray  (N4),  quartzitic,  structureless;  sharp 
upper  contact. 

57  Siltstone,  fine-  to  medium-grained,  dark-gray  (N3),  platy;  sharp  upper  contact, 
gradational  lower  contact. 

56  Sandstone,  as  unit  58;  gradational  upper  contact. 
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Unit 


Lithologic  description 


Thickness 
(in  feet) 


55  Siltstone,  as  unit  57;  sharp  upper  contact. 

54  Sandstone,  as  unit  58;  gradational  upper  contact. 

53  Siltstone,  as  unit  57;  sharp  upper  contact. 

52  Sandstone,  as  unit  58;  sharp  upper  contact. 

51  Sandstone,  medium-  to  coarse-grained,  light-gray  (N7);  shale  chips  up  to  in.  in 
diameter;  moderate  induration;  sharp  upper  contact. 

50  Sandstone,  as  unit  58;  massive  in  appearance  but  breaks  into  beds  1 in.  to  2 ft. 
thick;  uniform  texture;  sharp  upper  contact. 

49  Covered  interval,  behind  concrete  retaining  wall;  no  crop  above  wall;  probably  same 
as  unit  50  or  possibly  some  of  unit  50  and  unit  48. 

48  Sandstone,  medium-grained,  white,  very  pure  quartz,  extremely  hard;  bedding 
shown  by  sharply  defined  partings  which  separate  beds  varying  from  1 to  10  in.  thick 
with  an  average  thickness  of  about  5 in.  Some  beds  are  undulatory  near  base  and 
may  be  ripple  marked;  at  thf  base  is  a small  wedge  of  quartz  which  repeats  about 
4 ft.  of  section  at  the  road  level,  but  is  not  present  6 ft.  above  the  road ; upper  contact 
is  not  exposed  and  lower  contact  is  involved  in  faulting  of  obscure  nature. 

The  sequence  from  here  down  to  unit  38  is  somewhat  confused  and  some  sections 
may  be  repeated. 

47  Sandstone,  clay  to  medium-grained,  very  light  gray  (N8),  poorly  sorted,  hard; 
prominent  cleavage;  may  be  weathered  portion  of  underlying  unit. 

46  Sandstone,  clay  to  medium-grained,  light-orange-gray  (5Y5/2),  poorly  sorted,  hard; 
some  of  quartz  grains  are  rounded;  sand  comprises  to  of  rock;  upper  contact 
may  be  fracture  only. 

45  Siltstone,  poorly  sorted  clay  to  very  fine  grained  sand,  light-orange-gray  (5Y5/2); 
upper  contact  may  be  bedding  plane,  fracture,  or  small  fault  plane. 

44  Siltstone,  coarse-grained,  very  light  gray  (N8),  hard;  few  random  medium-grained 
quartz  grains;  bedding  plane  upper  contact. 

43  Siltstone,  coarse-grained,  moderate-red-brown  (10R4,  6);  contains  about  25  percent 
fine-  to  medium-grained  quartz  grains  which  are  angular  to  rounded;  bedding  plane 
upper  contact. 

42  Siltstone,  coarse-grained,  very  light  gray  (N8);  some  very  fine  to  medium  grained 
scattered  quartz  grains;  may  be  a repeat  of  unit  47;  sharp  upper  contact. 

41  Siltstone,  coarse-grained,  light-orange-gray  (5Y6/1);  some  very  fine  to  medium- 
grained quartz  grains  scattered  throughout;  gradational  upper  contact. 

40  Laminite,  fine-  to  medium- grained,  finely  laminated  with  laminae  to  5 mm  thick 
showing  color  alteration  of  light-olive  gray  (5Y4/2);  some  of  lighter  laminae  are 
composed  of  coarse-  to  very  coarse  grained  siltstone  and  some  laminae  have  a single 
grain  thickness  of  sand  grains  varying  from  very  fine  to  medium  grained;  quartz 
grains  varying  from  to  in.  in  diameter  appear  to  have  been  dropped  onto  some 
of  the  bedding  planes  and  in  some  cases  have  distorted  and  even  disrupted  the  under- 
lying laminae;  bedding  surfaces  sometimes  show  well-developed  lineations  sug- 
gestive of  current  scour  marks;  some  laminae  have  been  distorted;  these  laminae 
resemble  varves;  unit  has  gradational  upper  and  lower  contacts. 

39  Shale,  clay,  greenish-gray  (5GY6/1;;  upper  2 ft.  resembles  unit  40  but  well-de- 
veloped cleavage  obscures  any  laminae  in  the  lower  8 ft.  (if  any  are  present);  quartz 
pebbles  are  numerous,  are  rounded,  and  attain  sizes  up  to  2}4  in.  in  diameter.  It 
appears  that  this  unit  is  structureless  in  the  lower  part  and  grades  into  the  over- 
lying  lithology;  gradational  upper  contact. 

38  Fault  zone;  crushed  shale. 

37  Shale,  greenish-gray  (5G6/1);  bedding  defined  by  parting;  upper  contact  is  fault 
plane. 

36  Shale,  grayish-red  (5R4,'2);  bedding  defined  by  parting;  1-  to  4-mm  beds;  rare 
pebbles  and  sand  grains;  obscure  upper  contact;  base  is  a fault. 

35  Shale,  as  unit  37;  sharp  upper  contact. 

34  Shale,  as  unit  36;  gradational  upper  contact. 

33  Mudstone,  coarse-grained,  brown-gray  (5YR4'1)  to  medium-dark-gray  (N4),  hard, 
homogeneous;  no  bedding;  massive;  randomly  scattered  quartz  grains  and  pebbles 
up  to  3 in.  in  diameter;  pebbles  are  rounded;  gradational  upper  contact. 

32  Mudstone,  as  unit  33,  with  slightly  more  shale  character  than  unit  33;  gradational 
upper  contact. 

31  Polymictic  diamictite,  medium-  to  coarse-  grained,  grayish-red  (5R4/2);  slight  shale 
texture;  abundant  quartz  grains  and  pebbles  scattered  throughout;  very  poorly 
sorted  throughout;  lower  part  contains  more  coarse  material  than  upper  part  and 
has  less  shale  character;  gradational  upper  contact. 

30  Polymictic  diamictite,  clay  to  very  coarse  grained,  mottled  grayish-red  (5R4/2)  to 
medium-dark-gray  (N5);  slight  greenish  appearance;  scattered  rounded  quartz 
pebbles  up  to  2 in.  in  diameter;  poorly  sorted;  sand  is  over  50  percent  of  rock; 
uniform  over  entire  thickness;  a 2-ft.-  diameter,  fine  grained,  well-sorted,  rounded 
.sandstone  boulder  occurs  51  feet  above  the  ba.se  and  7 ft.  above  the  road;  lower  half 
varies  slightly  in  color  and  may  have  a slightly  higher  pebble  quantity  than  the 
upper  half;  gradational  upper  contact. 
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Thickness 

Unit  Lithologic  description  {in  feet  \ 

Caiskill  Formation 
Duncannon  Member 
(153.38  feet  thick:  incomplete) 

29  Shale,  silty,  grayish-red  ( 10R4  2' : has  some  pebbles  up  to  ^ in.  in  diameter;  sharp 

upper  contact.  2.0 

28  Siltstone,  medium-  to  coarse-grained,  grayish-red  1IOR4  2)  mottled  with  greenish 
gray  {5GY6  1),  mas.sive:  has  randomly  scattered  medium-  to  very  coarse  grained 
quartz  grains  and  some  pebbles  up  to  1 diameter;  gradational  upper  contact.  5.0 

27  Sandstone,  very  fine  grained,  partly  coarse-grained,  light-olive-gray  (5Y5  2),  poorly 

sorted;  rounded  quartz  pebbles  up  to  1 in.  in  diameter;  gradational  upper  contact.  4.5 

26  Shale,  as  unit  29;  gradational  upper  contact.  2.5 

25  Siltstone,  as  unit  28;  gradational  upper  contact.  2.0 

24  Sandstone,  clay  to  very  coarse  grained  with  average  medium-grained,  light-olive- 
gray  (5Y5  2),  poorly  sorted;  rounded  pebbles  up  to  3 in.  in  diameter;  massive; 
quartzitic;  gradational  upper  contact.  27.0 

23  Sandstone,  medium-  to  coarse-grained  quartz  grains  in  clayey  matrix,  gray-red 
(5R4  2';  some  zones  have  over  50  percent  matrix,  some  small  crossbeds;  some 
zones  have  pebbles  up  to  in.  in  diameter:  baj^al  6 in.  has  numerous  quartz  pebbles; 
sharp  upper  contact.  4.25 

22  Sandstone,  fine-  to  medium-grained,  grayish-red  (5R4  2),  quartzitic,  massive; 

gradational  upper  contact.  7.5 

21  Sandstone,  very  fine  grained,  grayish-red  t5R4  2),  quartzitic,  bedded;  grades  into 
siltstone  with  scattered  medium-grained  sand  grains  in  upper  6 in.;  sharp  upper 
contact.  1.5 

20  Sandstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2),  quartzitic,  massive; 

sharp  upper  contact.  8.0 

19  Sandstone,  coarse-grained,  grayish-red  (5R4  2);  clayey  matrix;  pebbles  up  to  in.; 
quartzitic;  massive;  upper  6 in.  becomes  fine  grained;  few  pebbles  up  to  1^  in.  in 
diameter;  sharp  upper  contact.  14.0 

18  Sandstone,  fine-grained,  light-olive-gray  (5Y6  1),  quartzitic,  massive;  sharp  upper 

contact.  3.0 

17  Siltstone,  coarse-grained,  light-olive-gray  (5Y6  1),  thin  bedded,  moderately  well 

indurated;  sharp  upper  contact.  0.83 

16  Sandstone,  fine-  to  medium-grained,  light-gray  (N7),  having  faint  suggestion  of 
greenish-gray  (5GY6  1),  quartzitic,  massive;  some  parallel  beds  indicated  by  color 
laminae:  sharp  upper  contact.  17.5 

15  Shale,  light-olive-gray  (5Y5  2);  prominent  cleavage;  sharp  upper  contact.  0.5 

14  Siltstone,  fine-grained,  grayish-red  (5K4  2);  prominent  cleavage;  faint  trace  of 

bedding;  hackly  breakup;  gradational  upper  contact.  11.0 

13  Siltstone,  coarse-  to  very  coarse  grained,  grayish-red  (5R4  2) ; 1-  to  3-in.  beds;  grada- 
tional upper  contact.  7.5 

12  Sandstone,  very  fine  grained,  light-olive-gray  (6Y6/1)  to  greenish-gray  (5GY6  1), 

massive,  quartzitic;  sharp  upper  contact.  1.25 

11  SandstoiiC,  very  fine  grained,  light-olive-gray  {5Y6  1)  with  some  red  mottling, 

blocky  to  hackly;  prominent  cleavage;  sharp  upper  contact.  4.5 

10  Siltstone,  fine-grained,  grayish-red  f5R4  2);  prominent  cleavage;  gradational 

upper  contact.  11.0 

9 Sandstone,  very  fine  grained,  grayish-red  (5R4  2),  massive;  parallel  bedding 

laminae;  quartzitic;  gradational  upper  contact.  5.0 

8 Siltstone,  coarse-grained,  grayish-red  (5R4  2',  quartzitic;  parallel  laminae;  grada- 
tional upper  contact.  0.25 

7 Sandstone,  as  unit  9;  gradational  upper  contact.  0.21 

6 Siltstone,  as  unit  8;  gradational  upper  contact.  0.17 

5 Sandstone,  as  unit  9;  gradational  upper  contact.  6.0 

4 Siltstone,  as  unit  8;  gradational  upper  contact.  0.42 

3 Sandstone,  fine-grained,  grayish-red  (5R4  2);  small  concentrations  of  medium- 

grained  sand  in  clayey  matrix;  prominent  cleavage;  gradational  upper  contact.  2.0 

2 Siltstone,  fine-grained,  grayish-red  (5R4  2);  small  concentrations  of  medium- 
grained sand  in  clayey  matrix;  prominent  cleavage;  gradational  upper  contact.  2.0 

1 Sandstone,  coarse-grained,  grayish-red  (5R4  2),  quartzitic,  massive;  base  behind 

stone  wall.  2 . 0 

Base  of  section. 

Total  1615.37 
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SECTION  19 

MAUCH  CHUNK  FORMATION 

Described  section  of  the  Mauch  Chunk  Formation  along  U.S.  Route  209  north  of 
Jim  Thorpe.  Section  is  the  type  locality  of  the  formation.  Section  starts  in  transition 
zone  at  top  of  the  Pocono  and  goes  upward  to  near  the  top  of  the  formation.  Base 
of  section  is  at  south  end  of  road  exposure  on  west  side  of  U.S.  Route  209.  Base  of 
section  is  approximately  at  40°51'54"  N/75°44'll"  W.  Section  measured  by  W.  D. 
Sevon. 

Thickness 

Unit  Lithologic  description  {in  feet) 

Mauch  Chunk  Formation 
(1743.06  feet  thick;  incomplete) 

198  Siltstone,  fine-grained,  grayish-red  (5R4/2):  grades  upward  into  very  fine  grained 
siltstone  at  top;  develops  hackly  pieces  during  weathering;  upper  contact  lost  in 
cover.  12.0 

197  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2),  hard,  massive;  sharp 

upper  contact.  5.0 

196  Siltstone,  fine-grained,  grayish-red  (5R4/2);  alternating  siltstone  and  very  fine 
grained  sandstone  in  thin  beds  to  ^ thick)  prominent  in  lower  half  of  unit; 
upper  half  has  few  bands  and  some  scattered  nodules  of  calcareous  material;  sharp 
upper  contact.  6.0 

195  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4 /2);  weathers  with  spheroidal 

shapes;  some  thin  beds;  sharp  upper  contact.  12.0 

194  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  massive;  sharp  upper 

contact.  3.0 

193  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  deeply  weathered, 
pitted;  abundant  chaotically  distributed  calcareous  material;  gradational  upper 
contact.  1.5 

192  Siltstone,  medium-grained,  grayish-red  (5R4/2);  massive  beds;  some  fine-grained 
siltstone;  parting  planes;  some  2-  to  4-in. -thick  beds;  some  parallel  laminae;  sharp 
upper  contact.  7.0 

191  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  massive;  sharp  upper 

contact.  6.0 

190  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4/2);  massive  beds;  6 ft.  above 
base  is  2-ft. -thick  zone  of  calcareous  nodular  material;  nodules  less  than  in.  in 
diameter  with  one  large  mass  several  in.  in  diameter;  sharp  upper  contact.  28.0 

189  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2);  thin  beds  ^ to  3 in.  thick; 

more  bedded  in  appearance  than  beds  on  either  side;  sharp  upper  contact.  13.0 

188  Siltstone,  coarse-  to  very  coarse  grained,  grayish-red-purple  (5RP4/2) ; massive 
beds  with  some  thin  1-  to  3-in. -thick  interbeds  of  fine-grained  siltstone;  2 ft.  6 in. 
above  base  is  a zone  of  chaotically  distributed  calcareous  nodules  up  to  in.  in 
diameter;  zone  is  laterally  variable  in  thickness  from  0 to  9 in.;  another  zone  occurs 
14  ft.  above  base  and  contains  nodules  generally  less  than  in.  in  diameter  and  not 
as  abundant  as  in  lower  zone;  a third  zone  occurs  below  upper  contact  and  is  same  as 
middle  zone;  both  middle  and  upper  zones  are  2 ft.  thick;  upper  contact  is  sharp 
and  upper  surface  has  small  channel  2 ft.  deep  and  3 ft.  wide.  20.0 

187  Siltstone,  fine-grained,  grayish-red  (5R4/2),  massive;  has  shaly  appearance;  upper 
2 ft.  6 in.  contains  discontinuous  bands  of  calcareous  material;  bands  are  Y in.  thick 
and  up  to  1 in.  long;  many  are  only  up  to  1 in.  long  but  always  aligned  along  bedding 
plane;  sharp  upper  contact.  7.0 

186  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2);  breaks  into  parallel 
beds;  unit  is  fill  in  a scour  channel  which  does  not  show  because  of  limited  outcrop; 
some  .scattered  pits  from  weathering  of  calcareous  nodular  material;  sharp  upper 
contact.  This  unit  is  the  first  unit  of  a high  vertical  rock  face  at  the  south  end  of  a 
long  triangular-shaped  stone  railroad  building.  6.0 

185  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2),  massive;  weathers  into 
spheroidal-shaped  blocks;  2 ft.  9 in.  above  the  base  is  a 1-in. -thick  deeply  recessed 
zone  which  may  represent  a fine-grained  siltstone  or  shale  layer;  sequence  seems  to 
consist  of  repeating  cycles  of  medium-  to  coarse-grained  siltstone  grading  upward 
into  finer  grained  beds;  upper  bedding  planes  of  finer  grained  material  appear  to  be 
mud  cracked  and  have  thin  curved  irregular  laminae;  sharp  upper  contact.  12.0 

184  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2);  parallel  partings; 
abundant  mica  flakes;  1 ft.  6 in.  above  base  is  1-  to  2-in. -thick  zone  of  calcareous 
nodules;  sharp  upper  contact.  1-5 

183  Siltstone,  medium-grained,  grayish-red  (5R4/2);  abundant  calcareous  nodular 
material;  pitted  weathered  surface;  lower  part  is  chaotic;  upper  contact  is  grada- 
tional and  in  places  consists  of  2 in.  of  coarse-grained  siltstone,  then  1 in.  of  cal- 
careous nodules  up  to  1 in.  thick  and  1 in.  long  aligned  along  bedding  planes.  0.33-1.0 

182  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2),  massive;  thickness  up 

to  9 in.  (less  than  indicated  because  of  channeled  nature  of  overlying  bed).  3.0 


Unit 

181 

180 

179 

178 

177 

176 

175 

174 

173 

172 

171 

170 

169 

168 

167 

166 

165 

164 

163 

162 

161 
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Thickness 

Lithologic  description  (in  feet) 

Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4  2);  lower  1 in.  contains  abun- 
dant calcareous  nodules  up  to  *4  in.  in  diameter;  has  massive  shaly  appearance; 
sharp  upper  contact.  B.O 

Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2),  massive;  gradational 
upper  contact.  6.0 

Siltstone,  hnc-grained,  grayish-red  (5R4  2);  prominent  cleavage;  recessed;  grada- 
tional upper  contact.  9.0 

Sandstone,  very  fine  grained,  grayish-red-purple  {5RP4'2);  parallel  laminae; 
abundant  coarse-grained  mica  tlakes;  massive,  sharp  upper  contact.  8.0 

Siltstone,  fine- to  medium-grained,  grayish-red  (5R4  2);  6-in. -thick  zone  of  cal- 
careous nodules  with  pitted  weathered  surface  occurs  1 in.  above  base;  sharp  upper 
contact.  2.0 

Sandstone,  as  unit  178;  crops  out  at  the  railroad  bed  level  at  north  end  of  low  re- 
taining wall;  sharp  upper  contact.  6.0 

Covered  interval,  in  front  of  concrete  foundation  of  old  building.  6.0 

Siltstone,  coarse-  to  very  coarse  grained,  grayish-red-purple  (5RP4  2),  massive; 
upper  contact  lost  in  cover.  8.0 

Siltstone,  medium-grained,  grayish-red  (5R4  2),  massive;  2-in.-  to  2-ft. -thick  beds 
separated  by  1-  to  3-in. -thick  fine-grained  siltstone  beds;  mainly  covered  in  upper  6 
ft.;  sharp  upper  contact.  34.0 

Covered  interval,  46-ft.-long  stone  retaining  wall;  rock  dips  40®  N;  rock  on  north 
end  of  wall  appears  to  be  the  same  as  unit  171;  about  10  ft.  exposed;  sharp  upper 
contact.  30.0 

Siltstone,  medium-grained,  grayish-red  (5R4  '2) ; base  is  curved  scour  channel,  shows 
scour  patterns;  basal  6 in.  has  small  pits  where  calcareous  material  has  been  weath- 
ered; some  calcareous  nodules;  3^-  to  2-in. -thick  beds;  some  crossbeds;  lower  3 ft. 
appears  to  be  channel  fill  material;  rock  abuts  against  stone  wall.  12.0 

Siltstone,  fine-grained,  grayish-red  (5R4  2),  thin-bedded;  crossbeds;  alternating 
with  medium-grained  siltstone  in  massive  beds  up  to  8 in.  thick.  10.0 

Siltstone,  medium-grained,  grayish-red  (5R4  2),  massive;  beds  6 in.  to  1 ft.  thick; 
sharp  upper  contact.  11.0 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2);  ba.sal  6 in.  has  pitted 
holes  up  to  34  i*^-  in  diameter  resulting  from  weathering  of  calcareous  nodules; 
massive;  gradational  upper  contact.  6.0 

Siltstone,  medium-grained,  grayish-red  (5R4  2);  massive-appearing  beds  weather 
to  34'  to  1-in. -thick  beds;  some  crossbeds;  gradational  upper  contact.  20.0 

Channel  fill,  steep-sided  channel  23  ft.  deep  and  15  to  20  ft.  wide  at  top  is  cut  into 
rock  similar  to  unit  165;  uniformly  tapering  sides  meet  at  2-  to  3-ft.-  wide  base. 

Sequence  starting  at  top: 


10'  Siltstone,  medium-  to  coarse-grained,  grayish-red  {5R4/2);  some  shale  part- 
ings; thin  beds;  channel  curvature;  some  beds  thin  and  pinch  out  laterally; 
upper  2 ft.  has  parallel-sided  beds. 

2'  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2);  variable  lateral 
thickness;  upper  surface  is  a shale  parting. 

2'  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2);  3 massive  beds, 
separated  by  shale  partings,  vary  laterally  and  pinch  out;  irregular  upper 
surface  is  a shale  parting. 

1'3"  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2);  ^-in. -thick  shale 
at  top. 

8'  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2);  massive  crossbeds 
and  parallel-sided  beds  thin  rapidly  laterally  and  pinch  out;  upper  contact 
marked  by  34-  to  3^-in. -thick  shale.  23.0 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  '2);  parallel  laminae;  2-ft.- 
thick  beds  with  shale  partings  between  massive  beds;  10  ft.  above  base  grades  into 
coarse-grained  siltstone;  top  of  this  unit  is  in  sharp  contact  with  the  overlying  unit 
(166)  which  is  a 23-ft.-deep  scour  channel  cut  into  rock  of  apparently  the  same 
lithology  as  this  unit  (165);  exposed  behind  large  oil  tank.  20.0 

Shale,  grayish-red  (5R4/2),  deeply  recessed;  grades  up  into  fine-  to  medium-grained 
siltstone;  upper  6 in.  is  conglomerate  zone  of  small  shale  chips  and  calcareous 
nodules  up  to  in.  in  diameter;  sharp  upper  contact.  1.6 

Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2);  basal  6 in.  contains  grayish- 
red  shale  chips  up  to  1 in.  long  that  appear  to  have  been  torn  from  the  underlying 
unit;  parallel  laminae;  2-  to  4-ft. -thick  massive  beds  alternate  with  1-  to  6-in. -thick 
beds  of  fine-grained  siltstone;  upper  third  of  unit  is  medium-grained  grayish-red 
(5R4/2)  siltstone  with  irregularly  shaped  curved  laminae  beds;  sharp  upp«*r  contact.  25.0 

Siltstone,  medium-grained,  grayish-red  (5R4  2);  massive  beds  about  2 ft.  thick 
break  up  into  2-  to  4-in. -thick  beds  and  alternate  with  1-  to  2-in. -thick  beds  of  fine- 
grained siltstone;  grades  up  into  shale  in  upper  2 in.;  sharp  upper  contact.  9.0 

Siltstone,  fine-  to  coarse-grained,  grayish-red  (5R4/2);  3^-  to  2-in. -thick  beds  are 
generally  less  than  1 in.  thick;  few  beds  up  to  4 in.  thick;  4 ft.  above  base  is  6-in.- 
thick  zone  with  abundant  shale  chips  less  than  34  in.  in  diameter  and  some  cal- 
careous nodules;  fine-grained  siltstone  below  shale-chip  zone;  medium-  to  coarse- 
grained siltstone  above  shale-chip  zone;  sharp  upper  contact.  13.6 
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Ihlit  Lithologic  description 

160  Siltstone,  medium-grained,  grayish-red  (5R4/2)  in  lower  2 ft.;  grades  upward  into 
coarse-grained  siltstone:  lower  4 ft.  is  made  up  of  thin  beds  ^ to  2 in.  thick  and  is 
a somewhat  recessed  zone;  grades  upward  into  more  massive  1-  to  4-in. -thick  beds; 
sharp  upper  contact. 

159  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4.2);  abundant  coarse- 
grained mica  flakes;  massive  in  appearance;  breaks  up  into  2-  to  6-in. -thick  beds; 
some  parallel  laminae:  sharp  upper  contact. 

158  Siltstone,  medium-grained,  grayish-red  (5R4/2);  beds  are  2 to  4 in.  thick;  some 
break  up  into  thinner  beds;  sharp  upper  contact. 

157  Covered  interval,  debris  below  stone  retaining  wall;  outcrop  appears  halfway  along 
length  of  wall. 

156  Siltstone,  coarse-grained,  some  very  fine  grained  sandstone,  grayish-red-purple 
(5RP4  2) ; 2^2  • above  base  is  curved  surface,  presumably  base  of  channel  fill;  sur- 

face has  abundant  narrow  fan-shaped  scour  patterns;  massive  unit;  some  very  fine 
grained  siltstone  beds  ^ ^ to  M in.  thick  normal  to  bedding  in  upper  part  may  be 
squeezed  or  mud-crack  fills;  parallel  laminae  in  upper  part;  upper  contact  lost  in 
cover. 

155  Siltstone,  medium-  to  coarse-grained,  grayish-red-purple  (5RP4'2);  massive  with 
bed.s  2 to  7 in.  thick;  generally  recessed  zone  between  more  massive  units;  some  thin 
fine-grained  siltstone  beds  between  coarser  beds;  some  parallel  laminae;  upper  con- 
tact sharp. 

154  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4 '2),  massive;  some  parallel 
laminae  on  weathered  surface;  5 ft.  above  base  unit  begins  to  display  beds  1 to  2 in. 
thick  with  some  crossbeds;  upper  7 ft.  is  coarse-grained  siltstone  grading  upwards 
into  medium-grained  siltstone  in  upper  half  of  unit;  uppermost  2 ft.  contains  ]/2-  to 
1-in. -thick  beds;  upper  contact  is  gradational  but  appears  sharp  because  of  bed- 
ding-plane parting. 


Thickness 
{in  feet) 


20.0 

9.0 

14.0 

10.0 


10.0 


14.0 


28.0 


Section  from  base  to  this  point  has  been  along  the  west  side  of  U.S.  Route  209  and  the  base  of  unit  154  is 
picked  along  U.S.  Route  209.  The  unit  is  then  projected  across  the  highway  and  picked  up  along  the 
Lehigh  Valley  Railroad  below  highway  level.  The  section  along  the  railroad  starts  in  unit  154  at  the  north 
end  of  a 60-ft.-long  stone  retaining  wall.  Twelve  feet  of  medium-grained  siltstone,  presumably  unit  153, 
occurs  between  the  north  end  of  the  wall  and  the  picked  base  of  unit  154.  Units  154-198  occur  along  railroad. 


V nit  Lithologic  description 

153  Siltstone,  medium-grained,  grayish-red  (5R4'2),  massive;  upper  2 ft.  composed  of 
thinner  beds;  sharp  upper  contact. 

152  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2);  fine-grained  siltstone 
occurs  in  to  1-in. -thick  beds  whereas  the  medium-grained  siltstone  occurs  in 
thicker  beds:  12  ft.  above  base  is  highway  sign  5/20;  16  ft.  above  base  is  a 9-in.- 
thick  zone  with  red  shale  chips  in  medium-  to  coarse-grained  siltstone  matrix;  sharp 
upper  contact. 

151  Siltstone,  medium-grained,  grayish-red  (5R4/2;,  massive;  sharp  upper  contact; 
has  some  parallel  and  some  cross  laminae  in  upper  1 ft. 

150  Siltstone,  medium-grained,  grayish-red  (5R4/2',  massive;  sharp  upper  contact. 

149  Siltstone,  very  coarse  grained,  grayish-red-purple  {5RP4/2),  quartzitic,  massive: 
sharp  upper  contact. 

148  Siltstone,  medium-grained,  grayish-red  (5R4'2);  beds  1 to  3 in.  thick  in  lower  half 
with  beds  up  to  2 ft.  thick  in  upper  half;  47  ft.  above  base  is  a cast  on  the  bottom 
of  a bedding  surface  of  an  elongate  depression  which  may  represent  the  position  of  a 
long  piece  of  wood.  A fan-shaped  structure  with  its  apex  at  the  center  of  the  depres- 
sion fans  out  normal  to  the  depression  and  may  represent  a scoured  surface  created 
by  water  flowing  under  a piece  of  wood.  Fifty-three  and  one-half  ft.  above  the  base 
are  some  ripple-marked  surfaces,  and  the  uppermost  4 ft.  has  irregular  current 
laminae  which  may  be  ripple  drift  laminae.  Also  present  is  some  channel-fill  ma- 
terial; sharp  upper  contact. 

147  Siltstone,  coarse-grained,  grayish-red  (5R4/2',  massive,  with  beds  2 to  6 in.  thick; 
parallel  laminae;  sharp  upper  contact. 

1 46  Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2) ; occurs  in  beds  3^  to  6 in 
thick;  thicker  beds  are  coarser;  sharp  upper  contact. 

145  Covered  interval,  presumably  same  as  unit  144. 

144  Siltstone,  medium-grained,  grayish-red  (5R4/2);  beds  }4  to  in.  thick;  upper 
contact  lost  in  covered  interval. 

143  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4^2);  abundant  mica;  basal  2 ft. 

contains  numerous  scattered  calcareous  nodules  1 to  3 mm  in  diameter;  pitted 
weathered  surface;  massive;  sharp  upper  contact. 

142  Covered  interval,  presumably  same  as  unit  143. 

141  Siltstone,  coarse-  to  very  coarse  grained,  grayish-red-purple  (5RP4/2),  massive; 
many  parallel-sided  laminae;  quartzitic;  sharp  upper  contact. 

140  Siltstone,  coarse-  to  very  coarse  grained,  grayish-red-purple  (5RP4/2);  beds  2 to 
3 in.  thick;  recessed  zone;  sharp  upper  contact. 


Thickness 
{in  feet) 

6.0 


18.0 

6.5 

3.5 

6.0 


57.0 

18.0 

10.0 

10.0 

8.0 

11.0 

3.0 

3.0 

3.0 
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4')  1 


I'nit 


Lithohxjir  desrri ption 


Thickness 
( in  feet ) 


139  Siltstonp,  as  unit  141. 

138  Siltstan«\  m«‘dium-Krainod,  grayish-red  (5R4  2);  *>,-  to  *4-in. -thick  bods  in  units 

I to  1^2  P-  thick  altornatinK  with  coar.sc-graint'd  siltstono  in  mon*  massive  hods 
H to  lU  P-  thick;  may  change  lithology  laterally;  may  be  channel  filling;  sharp 
upper  contact. 

137  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2t;  massive;  sharp  upper  con- 
tact. 

136  Covered  interval,  probably  same  as  unit  137. 

135  Siltstone,  medium-grained,  grayish-red  (5R4  2),  massive  in  lower  three-fourths 
and  bedded  in  upper  fourth;  upper  contact  obscured  by  cover. 

134  Siltstone,  medium-grained,  grayish-red  (5R4  2);  calcareous  nodules  from  ^ to  \ in. 

in  diameter  but  generally  less  than  I4  in.  in  diameter;  greatest  nodule  concentration 
in  lowermost  4 in.;  upper  4 in.  has  very  fine  grained  sand  matri.x  and  fewer  nodules, 
some  of  which  are  concentrated  along  planes;  numerous  red  shale  chips  up  to  ^2  iti. 
long;  pitted  weathered  surface;  gradational  upper  contact. 

133  Siltstone,  fine-grained,  grayish-red  i5R4  2);  many  beds  to  ^ in.  thick:  between 
4 in.  and  10  in.  above  base  are  a number  of  calcareous  nodules  and  lenses,  appear  to 
be  same  as  surrounding  rock  but  calcareous  when  fresh,  lenses  1 to  4 in.  long  and 
nodules  to  2 in.  in  diameter:  sharp  upper  contact. 

132  Siltstone,  fine-grained,  grayish-red  (5R4  2>,  composed  of  many  beds  ^2  to  I in. 
thick;  some  cleavage  tendency;  sharp  upper  contact. 

131  Covered  interval,  presumably  same  as  unit  132. 

130  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2);  basal  and  uppermost 
beds  are  massive;  central  part  contains  1-in. -thick  beds;  8 ft.  above  base  is  plane 
with  concentration  of  red  shale  chips  up  to  1 in.  long  aligned  parallel  with  bedding: 

II  ft.  above  base  is  another  plane  of  shale  chips  and  the  interval  between  planes  of 
chips  has  scattered  shale  chips;  sharp  upper  contact. 

129  Siltston(  . medium-grained,  grayish-red  (5R4  2),  mostly  covered;  apparently  con- 
sists of  1-in. -thick  beds  interbedded  with  thicker  beds;  sharp  upper  conta<‘t. 

128  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2);  massive,  quartzitic;  lower 
12  ft.  is  massive  while  upper  4 ft.  has  2-  to  4-in. -thick  beds;  upper  contact  ob.scured 
by  cover. 

127  Siltstone,  fine-grained,  grayish-red  (5R4  2);  some  thin  beds  of  coarse-grained  silt- 
stone; beds  ^2  to  1 in.  thick;  sharp  upper  contact. 

126  Siltstone,  coarst'-grained,  grayish-red-purple  (5RP4  2),  massive,  quartzitic;  sharp 
upper  contact. 

125  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2i;  P2-  to  7-in. -thick  beds: 
some  beds  wedge  shaped:  channel-fill  material;  sharp  upper  contact. 

124  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2).  massive,  quartzitic: 

weathering  breaks  rock  into  4-in.-  to  1-ft.  thick  pieces;  base  is  irregular  and  chan- 
neled in  underlying  unit:  sharp  upper  contact. 

123  Siltstone,  fine-grained,  grayish-red  (5R4  2),  apparently  thin  bedded;  prominent 
cleavage:  has  shattered  appearance;  sharp  upper  contact;  irregular  contact  with 
overlying  channel. 

122  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2);  many  beds  P2  2 in.  thick; 
some  thin  very  fine  grained  sandstone  beds  in  lower  3 ft.;  becomes  fine  to  medium 
grained  in  upper  half,  and  becomes  grayish  red  {5R4  2);  sharp  upper  contact. 

121  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  massive  in  apparently 
one  bed;  sharp  upper  contact. 

120  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2);  several  1-  to  4-in. -thick 
beds;  forms  recessed  zone  between  more  massive  units:  gradational  in  uppermost 
8 in.  into  fine-grained  siltstone  which  is  grayish-red  (5R4  2);  sharp  upper  contact. 

119  Sandstone,  verj'  fine  grained,  grayish-red-purple  (5RP4  2),  massive:  some  parallel 
laminae:  sharp  upper  contact;  upper  surface  is  plane  along  which  water  is  riding 
as  it  cuts  into  weaker  overlying  unit. 

118  Siltstone,  coarse-grained,  grayish-red-purple  (5RP4  2i;  many  P2-  to  2-in. -thick 
beds:  some  internal  channel  fills:  some  thin  shale  partings;  partings  have  pimpled 
bedding  surfaces;  possible  mud  cracks;  one  tubular  structure  subparallel  to  bedding 
is  1 in.  in  diameter  and  7 in.  long  and  has  shaly  coating  around  siltstone  tube  fill; 
irregular  marks  on  bedding  planes  may  be  trails;  sharp  upper  contact. 

117  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  massive:  sharp  upper 
contact. 

116  Siltstone,  coarse-grained,  grayish-red  (5R4  2):  some  fine-grained  siltstone:  base 
of  unit  indicates  that  it  is  channel-fill  material;  considerable  lateral  grain-size 
variation;  wedges  out  laterally;  sharp  upper  contact. 

115  Sandstone,  as  unit  117. 

114  Siltstone,  coarse-grained,  grayish-red  (5R4  2);  to  2-in. -thick  beds;  a channel 
fill  occurs  at  base  and  is  7 in.  deep  and  1 ft.  8 in.  wide  with  long  dimension  normal 
to  rock  face;  sharp  upper  contact;  this  unit  occurs  at  road  sign  Jet.  PA  903. 

1 13  Sandstone,  very  fine  to  fine-grained,  grayish-purple  (5RP4  2) ; basal  and  upper  4 ft. 
are  massive  beds;  central  part  has  1-in. -thick  beds;  sharp  upper  contact. 
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Liihologic  description 

Siltstone,  medium-grained,  grayish-red  (5R4/2);  numerous  to  1-in. -thick  bods; 
some  2-in. -thick  beds;  11  in.  above  base  is  bedding  surface  with  asymmetrical  ripple 
marks;  some  beds  grade  upward  into  fine-grained  siltstone  and  have  pimpled  upper 
bedding  surfaces;  slickensides  are  abundant  and  crosscut  bedding;  10  ft.  above  base 
is  the  base  of  a channel  fill  w'hich  has  relief  of  at  least  5 ft.;  17  ft.  above  the  base  is 
the  base  of  a 2-ft.-  thick  massive  bed;  upper  10  ft.  contains  somewhat  more  massive 
beds;  sharp  upper  contact. 

Siltstone,  very  coarse  grained,  grayish-red-purple  (5RP4/2),  massive,  quartzitic; 
sharp  upper  contact. 

Siltstone,  very  coarse  grained,  grayish-red-purple  (5RP4/2),  massive  quartzitic; 
uppermost  2 in.  grades  up  into  grayish-red  (5R4/2)  shale;  sharp  upper  contact. 
Covered  interval. 

Siltstone,  coarse-grained,  grayish-red-purple  (5RP4/2),  massive;  beds  2 in.  to  1 ft. 
thick;  upper  contact  obscured  by  cover. 

Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4/2),  interlaminated  with 
very  fine  grained  sandstone;  many  to  2-in. -thick  beds;  some  channeling;  par- 

tially covered;  upper  contact  obscured  but  probably  sharp. 

Sandstone,  very  fine  grained,  grayish-red-purple  {5RP4/2),  massive,  quartzitic; 
3-  to  9-in. -thick  beds;  sharp  upper  contact. 

Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4/2);  numerous  beds  34  to  1 in. 
thick;  some  channeling  and  lateral  variation  to  very  fine  grained  sandstone;  sharp 
upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  quartzitic;  basal  10  in. 
contain.s  red  shale  chips  up  to  8 in.  long  but  generally  1 to  3 in.  long;  chips  tend  to 
be  oriented  parallel  with  bedding  and  are  concentrated  along  distinct  planes;  dis- 
continuous zone  of  shale  chips  occurs  1 ft.  4 in.  above  base;  massive  unit  with  4-in.- 
to  1-ft. -thick  beds;  total  thickne.ss  of  unit  is  3 ft.  more  than  given  because  of  channel- 
ing of  overlying  unit;  sharp  upper  contact. 

Siltstone,  coarse-grained,  grayish-red  (5R4/2);  thin  irregular  beds;  some  inter- 
laminated  very  fine  grained  sandstone  beds;  some  channeling  filled  with  very  fine 
grained  sandstone  up  to  8 in.  thick;  sharp  upper  contact. 

Sandstone,  very  coarse  grained,  grayish-red-purple  (5RP4/2),  quartzitic,  massive; 
laterally  thickens  to  2 34  sharp  upper  contact. 

Siltstone,  coarse-grained,  grayish-red  (5R4/2);  thin  irregular  beds;  some  inter- 
laminated  very  fine  grained  sandstone  beds;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4^2);  massive  with  beds  2 to 
9 in.  thick;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  massive,  quartzitic; 
beds  vary  from  few  in.  to  several  ft.  in  thickness  and  are  separated  by  thin  siltstone 
layers,  26  ft.  above  base  is  base  of  a 2-ft. -thick  zone  of  34-  to  1-in. -thick  irregular 
beds  which  grade  into  overlying  massive  unit;  uppermost  bed  is  massive  and  10  ft. 
thick;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2);  interlaminated  with 
fine-grained,  grayish-red  (5R4/2)  siltstone;  many  1-  to  10-in. -thick  beds;  sharp 
upper  contact;  upper  part  of  this  unit  is  behind  traffic  light  control  box  which  is  on 
line  with  the  center  of  the  bridge  across  the  Lehigh  River. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  quartzitic;  2 massive 
2-ft.-thick  beds  which  fine  upward  into  medium-grained  siltstone  in  upper  half  of 
bed;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2);  interlaminated  with 
fine-grained,  grayish-red  {5R4/2)  siltstone;  many  1-  to  10-in. -thick  beds;  some 
sandstone  beds  thin  laterally  to  zero  thickness;  channeling,  crossbedding  in  some 
sandstone  beds;  parallel  laminae  in  some  beds;  weathers  to  thin  beds  and  in  general 
contrasts  to  surrounding  beds;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  massive,  quartzitic; 
sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  quartzitic;  unit  is  a 
wedge  between  two  siltstone  beds;  unit  thins  to  nothing  in  one  direction  and 
thickens  to  1 ft.  6 in.  in  other  direction;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  quartzitic,  massive; 
lower  half  is  one  massive  bed  while  upper  half  is  composed  of  beds  1 to  2 ft.  thick 
separated  by  3'8-  to  2-in. -thick  shale  layers;  uppermost  bed  grades  upward  into  fine- 
grained siltstone;  symmetrical  ripple  marks  on  upper  surface;  sharp  upper  contact. 
Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  quartzitic;  several  beds 
5 in.  to  1 ft.  thick;  uppermost  bed  grades  upward  into  6-in.-  thick  fine-grained  silt- 
stone; sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2);  thin  34-  to  2-in. -thick 
beds;  may  thin  laterally  to  1 in.  thick;  contains  ts-in. -thick  interlaminated  shales; 
sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4.^2),  quartzitic;  single  mas- 
sive bed;  sharp  upper  contact. 
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APPENDIX  II 


Lithologic  description 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2j;  some  medium-  to 
coarse-grained  siltstone  layers  interb^'dded  in  ^2-  fi-in. -thick  sandstone  b«'ds; 
wavy  parallel  laminae,  possibly  some  channeling;  thin-bedded  appearance  in  con- 
trast to  adjacent  massive  beds;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2',  quarlzitic,  massive; 
2-in.  to  2 ft. -thick  beds;  basal  8 in.  has  color  mottling  and  some  small  calcareous 
flakes  up  to  3 mm  in  length:  4 ft.  above  the  base  is  a l-in. -thick  fine-grained  siltstone 
which  separates  two  massive  beds;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  quartzitic;  basal  1 in.  is 
medium-grained  siltstone  which  grades  up  into  sandstone;  uppermost  1 in.  is  also 
medium-grained  siltstone  with  sharp  lower  contact  and  gradational  upper  contact. 
Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  quartzitic,  massive;  some 
wavy  laminae;  some  color  mottling;  sharp  upper  contact. 

Sandstone,  very  fine  to  fine-grained,  interlaminated  with  and  in  some  cases  grading 
up  into  coarse-grained  siltstone,  grayish-red  (5R4  2)  with  some  light  gray  (N7)  in 
coarser  sandstone;  cross  laminae  in  sandstone;  sharp  upper  contact;  uppermost  bed 
is  siltstone. 

Sandstone,  fine-grained,  light-gray  (NT)  with  slight  grayish-red  tint,  quartzitic, 
massive;  1 ft.  above  base  is  base  of  a l-ft.-4-in.-  thick  zone  of  thin  beds  which  vary 
laterally  from  1 to  8 in.  thick;  upper  1 ft.  contains  several  1-  to  2-in. -thick  beds; 
sharp  upper  contact. 

Sandstone,  fine-grained,  grayish-red-purple  {5RP4  2);  many  massive  beds  4 in.  to 
2 ft.  thick;  some  fine-grained  siltstone  between  massive  beds;  sharp  upper  contact. 
Sandstone,  very  fine  grained,  grayish-ri'd-purple  (5RP4  2),  massive;  thickens 
laterally  to  1 ft.  6 in.;  contacts  marked  by  ^ s-  to  M-in. -thick  grayish-red  (5R4  2) 
shale;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  quartzitic,  massive; 
shale  partings  up  to  in.  thick  between  massive  beds;  some  parallel-sided  laminae; 
some  cross  laminae;  suggestion  of  some  channeling;  sharp  upper  contact. 
Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  with  interbedded 
grayish-red  (5R4  2)  shale;  unit  is  a channel  fill;  sequence  from  top: 

5 in.,  sandstone,  with  several  1-mm-thick  shale  partings  in  upper  and  lower  1 in. 
5 in.,  siltstone  grading  upward  into  shale. 

2 in.,  sandstone. 

Laterally  the  sequence  thins  to  zero  thickness;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  quartzitic,  massive; 
some  beds  to  4 ft.  thick;  ^g-in. -thick  shale  partings  between  massive  beds;  some 
parallel  laminae;  some  cross  laminae;  some  suggestion  of  channeling;  sharp  upper 
contact. 

Siltstone,  course-  to  very  coarse  grained,  grayish-red  (5R4  2),  massive;  some  con- 
torted bedding  laminations;  color  mottling;  sharp  upper  contact. 

Shale,  grayish-red  (5R4  2);  sharp  upper  contact. 

Sandstone,  very  fine  to  fine-grained,  grayish-red  (5R4  2),  massive;  softer  than 
adjacent  beds;  gradational  upper  contact. 

Shale,  grayish-red  (5R4  2);  sharp  upper  contact. 

Sandstone,  fine-grained,  grayish-red-purple  (5RP4  2),  massive;  basal  7 in.  is  coarse- 
grained siltstone  which  grades  up  into  sandstone  and  contains  numerous  to 
V4-in. -diameter  calcareous  nodules;  color  mottling;  sharp  upper  contact. 

Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2),  massive;  4 ft.  above  the 
base  is  the  base  of  a 1-ft. -4-in. -thick  zone  containing  pitted  holes  resulting  from 
weathering  of  calcareous  nodules  and  several  discontinuous  bands  of  calcareous 
material  ’ x to  in.  thick;  base  of  this  zone  marked  by  a nearly  continuous  1-in.- 
thick  calcareous  band;  gradational  upper  contact. 

Siltstone,  fine-grained,  grayish-red  (5R4  2);  gradational  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red  (5R4  2);  basal  2 ft.  is  coarse-grained  silt- 
stone; grades  upward  into  sandstone;  massive  beds  6 in.  to  2 ft.  thick;  some  thin 
shale  partings  between  massive  beds;  sharp  upper  contact. 

Siltstone,  medium-grained,  grayish-red  (5R4  2);  several  fining-upward  beds  going 
up  into  very  fine  grained  siltstone;  some  calcareous  nodules  2 ft.  below  top  and  in 
uppermost  6 in.;  sharp  upper  contact. 

Sandstone,  medium-grained,  grayish-red-purple  (5RP4  2),  quartzitic,  massive; 
basal  3 in.  has  p«>bbles  presumably  derived  from  underlying  conglomerate;  sharp 
upper  contact. 

Conglomerate,  calcareous  nodules  up  to  2 in.  thick  and  7 in.  long  with  most  material 
less  than  2 in.  long;  most  nodules  tend  to  be  plate  shaped;  calcareous  sandstone  and 
red  shale;  no  bedding;  chaotic  appearance;  fine-grained  matrix;  sharp  upper  contact. 
Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2),  massive;  irregular  and 
sharp  upper  contact. 

Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2),  ma.ssive;  sharp  upper 
contact. 

Siltstone,  medium-  to  coarse-grained,  grayish-red  (5R4  2);  to  3^-in.  beds;  sharp 
upper  contact. 
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454 


Unit 


Lithologic  description 


Thickness 
(in  feet) 


64  Siltstone,  coarse-  to  very  coarse  grained,  grayish-red  (5R4  2),  massive;  sharp  upper 
contact. 

63  Siltstone,  fine-grained,  grayish-red  (5R4  2);  sharp  upper  contact. 

62  Sandstone,  very  fine  grained,  grayish-red  {5R4  2),  massive;  sharp  upper  contact. 

61  Siltstone,  comprises  several  fining-upward  sequences  starting  with  very  fine 

grained  sandstone  and  grading  up  into  thin  shale  layer  at  top;  sequences  range  from 

1 in.  to  1 ft.  thick;  234  R-  above  base  is  a bedding-plane  surface  with  asymmetrical 
ripple  marks  and  possibly  mud  cracks;  cross  laminae  also  noted;  sharp  upper  contact. 

60  Sandstone,  very  fine  to  fine-grained,  grayish-red-purple  (5RP4  2);  basal  8 in.  is  a 
conglomerate  of  calcareous  nodules,  underlying  siltstone  has  flame-type  structure 
projecting  up  into  conglomerate;  sharp  upper  boundary  for  the  conglomerate; 
9 in.  above  conglomerate  contains  scattered  calcareous  nodules  and  pitted  weathered 
surface;  sharp  upper  contact. 

59  Siltstone,  fine-  to  medium-grained,  grayish-red  (5R4  2);  some  discontinuous  cal- 
careous zones  ’ 8 to  14  in.  thick;  sharp  upper  contact. 

58  Siltstone,  very  coarse  grained,  grayish-red  (5R4  2);  contains  some  scattered  cal- 
careous nodules  to  3-4  in.  in  diameter  in  lower  6 in.;  concentration  of  calcareous 
cement  1 in.  thick  occurs  2 in.  below  top;  sharp  upper  contact. 

57  Siltstone,  coarse-grained,  grayish-red  (5R4  2);  4 in.  above  base  is  a nearly  con- 
tinuous calcareous  zone  2 in.  thick  which  weathers  to  pale  red  (10R6  2)  and  very 
light  gray  (N8),  varies  laterally  in  position  above  base;  a discontinuous  1-in.-  thick 
calcareous  zone  occurs  1 to  2 in.  below  the  2-in. -thick  zone;  laterally  the  unit  thick- 
ens and  another  nearly  continuous  calcareous  zone  2 to  3 in.  thick  appears  below 
the  other  two  zones;  sharp  upper  contact. 

56  Siltstone,  medium-grained,  grayish-red  (5R4'2);  irregular  bedding  laminae;  zones 
with  numerous  light-colored  calcareous  nodules;  sharp  upper  contact;  nodule  zones 
as  follows  from  top; 

8 ft.  10  in.  to  9 ft.  2 in.  No  nodules. 

8 ft.  to  8 ft.  10  in.  Nodule  zone. 

3 ft.  6 in.  to  8 ft.  No  nodules. 

2 ft.  8 in.  to  3 ft.  6 in.  Nodule  zone. 

2 ft.  to  2 ft.  8 in.  No  nodules. 

0 ft.  to  2 ft.  Nodule  zone. 

55  Siltstone,  very  coarse  grained,  grayish-red  {5R4  2),  massive;  sharp  upper  contact. 

54  Siltstone,  very  coarse  grained,  grayish-red  (5R4  2);  becomes  medium  grained  in 
upper  part;  6-in.  to  1-ft. -thick  discontinuous  zones  of  calcareous  nodules  have  their 
bases  at  8 ft.,  10  ft.,  and  12  ft.  above  the  base  of  the  unit;  sharp  upper  contact. 

53  Siltstone,  coarse-grained,  grayish-red  (5R4  2);  basal  6 in.  has  34“  to  1-mm-thick 
bedding  laminae  and  some  1-  to  5-mm-thick  interlaminated  very  fine  grained  sand- 
stone beds;  upper  1 ft.  6 in.  contains  scattered  calcareous  nodules  up  to  3 in.  in 
diameter;  sharp  upper  contact. 

52  Sandstone,  very  fine  grained,  grayish-red-purple  f5RP4'2),  quartzitic;  1-  to  2-in.- 
thick  pitted  weathered  surface  resulting  from  weathering  of  calcareous  nodules  at 
base;  sharp  upper  contact. 

51  Siltstone,  medium-grained,  grayish-red  (5R4/2);  gradational  upper  contact. 

50  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4'2),  quartzitic,  massive; 
1-in. -thick  pitted  surface  resulting  from  weathering  of  calcareous  nodules  occurs 
114  io.  above  base;  sharp  upper  contact. 

49  Siltstone,  medium-grained,  grayish-red  (5R4'2);  contains  several  sandstone  beds 
as  follows;  4 in.  above  base  is  very  fine  grained  sandstone,  grayish-red- 

purple;  1 ft.  6 in.  above  base  is  234-iri--thick  very  fine  grained  sandstone,  grayish- 
red-purple;  1 ft.  834  above  base  is  4-in. -thick  zone  of  1-  to  2-mm  siltstone  beds 
interlaminated  with  very  fine  grained  sandstone  beds  2 to  4 mm  thick;  sharp  upper 
contact. 

48  Sand.stone,  very  fine  grained,  grayish-red-purple  (5RP4'2),  quartzitic,  massive; 
sharp  upper  contact. 

47  Siltstone,  medium-grained,  grayish-red  (5R4  '2);  thin  parallel  laminae;  sharp  upper 
contact. 

46  Siltstone,  very  coarse  grained,  grayish-red  (5R4/2),  massive;  basal  9 in.  has  dis- 
seminated calcareous  material  in  small  concentrations;  weathered  surface  has  pitted 
appearance;  gradational  upper  contact. 

45  Siltstone,  coarse-grained,  grayish-red  (5R4/2),  massive;  upper  2 ft.  may  be  animal 
burrowed;  some  flake-shaped  calcareous  nodules  in  lower  1 ft.  of  uppermost  2-ft. 
zone;  sharp  upper  contact. 

44  Sandstone,  fine-grained,  grayish-red-purple  (5RP4^2),  massive,  uniform;  sharp 
upper  contact. 

43  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4/2):  massive  but  contains 
.several  coarsening-upward  sequences  starting  with  coarse-grained  siltstone  and 
grading  upward  into  very  fine  grained  sandstone  within  34  sharp  upper  contact. 

42  Siltstone,  fine-grained,  grayish  red  (5R4/2):  thin  parallel-sided  beds;  sharp  upper 
contact. 
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i nit  Lith<)lo(jir  description 

41  Sandstone,  very  tine  grained,  grayish-red-purple  i5RP4  li),  massive,  uniform:  2-ft.- 
thirk  zone  of  calcareous  nodular  material  starts  1 ft.  8 in.  above  base;  sharp  upper 
contact. 

40  Siltstone,  fine-grained,  grayish-red  i5R4  2);  sharp  upp^r  contact. 

39  Sandstone,  very  fint-  grained,  grayish-red-purple  (5RP4  2);  a 4-in. -thick  zono  of 
calcareous  nodular  material  starts  2 in.  above  base;  zone  contains  tiake-shaped 
nodules  and  disseminated  calcareous  material;  sharp  upper  contact. 

38  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  massive,  hard:  sharp 
upper  contact. 

37  Siltstone,  fine-grained,  grayish-red  i5R4  2),  sharply  gradational  into  overlying  unit. 

36  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  sharply  gradational  into 
overlying  unit. 

35  Shale,  grayish-red  (5R4  2);  sharp  upper  contact. 

34  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  massive,  hard;  sharp 
upper  contact. 

33  Shale,  grayish-red  (5R4  2);  sharp  upper  contact. 

32  Sandstone,  medium-grained,  grayish-red-purple  (5RP4  2);  calcareous  material  dis- 
seminated throughout  etches  upon  weathering  to  reveal  cross  laminae:  sharp  upper 
contact. 

3 1 Conglomerate,  25  to  35  percent  * g-  to  p2-iri--diameter  rounded  to  subangular  quartz 
grains  set  in  coarse  to  very  coarse  grained  sandstone  matrix,  grayish-red-purple 
(5RP4  2):  rare  pebbles  up  to  2 in.  in  diameter:  deeply  pitted  weathered  surface; 
calcareous  cement:  gradational  upper  contact. 

30  Sandstone,  fine-  to  medium-grained,  grayish-red-purple  (5RP4  2),  color-mottled 
with  light  gray:  parallel-sided  laminae;  becomes  medium-  to  coarse-grained  in  upper 
half:  basically  massive  with  no  breaks  or  partings  but  considerable  variation  in 
weathered  surface  appearance  as  result  of  internal  lithological  variations;  sharp 
upper  contact;  variations  from  top  are: 

(distance  is  from  base  of  unit) 

9 ft.  9 in.  Zone  1 ft.  6 in.  thick  contains  !«-  to  ^4-in.  quartz  pebbles  with  occasional 
pebbles  to  1 in.  in  diameter  and  calcareous  nodules  to  7 in.  in  diameter; 
sharp  upper  contact. 

9 ft.  9-in. -thick  zone  of  sandstone  containing  no  pebbles  in  lower  part  but 

increasing  numbers  of  pebbles  upward. 

8 ft.  1-ft. -thick  zone  with  25  to  35  percent  rounded  to  subangular  quartz 

pebbles. 

7 ft.  Zone  of  randomly  scattered  rounded  quartz  pebbles  *4  to  1 in.  in 

diameter. 

4 ft.  2^-ft. -thick  zone  which  varies  laterally  to  4 ft.  contains  white  calcareous 

nodules  up  to  5 in.  in  diameter  which  weather  giving  rock  pitted  appear- 
ance; also  contains  disseminated  calcareous  concentrations  which  do  not 
have  nodular  character;  larger  nodules  have  sinuous  planes  .'f  red  shaly 
material  crisscrossing  the  nodules. 

10  in.  Siltstone,  fine-grained:  discontinuous  zone  up  to  1 in.  thick. 

29  Sandstone,  very  fine  grained,  grayish-red-purple  (5RP4  2),  massive,  quartzitic; 
grades  upward  into  fine-grained  sandstone:  upper  4 in.  is  medium-grained  siltstone, 
grayish-red  (5R4  2),  which  has  a gradational  lower  contact  with  sandstone  and  is 
cros.scut  normal  to  bedding  by  a sinuous  *4-in. -thick  sandstone  dike;  sharp  upper 
contact. 

28  Sandstone,  fine-grained,  light-gray  (N7)  to  medium-light-gray  (N6),  quartzitic, 
massive;  2-  to  6-in. -thick  parallel-sided  beds;  basal  contact  marked  only  by  color 
change;  upper  contact  sharp  and  channeled  with  relief  up  to  1]^  ft. 

27  Sandstone,  fine-grained,  grayish-red-purple  (5RP4  2),  massive;  parallel-sided  beds 
2 to  6 in.  thick;  occasional  red  shale  chips  up  to  1 in.  in  diameter;  some  lenses  of 
shale  may  be  present;  base  shows  some  mixing  of  sandstone  with  underlying  silt- 
stone;  nearly  quartzitic;  1-  to  3-mm-thick  parallel  laminae  in  upper  1 ft.;  sharp 
upper  contact. 

26  Siltstone,  fine-grained,  grayish-red  {5H4  2):  basal  1 in.  is  shale  which  grades  up- 
ward into  siltstone;  massive:  breaks  up  into  platy  pieces;  sharp  upper  contact  is 
irregular  as  result  of  loading  from  overlying  sandstone. 

25  Sandstone,  fine-grained,  grayish-red  (5R4  2),  punky  as  result  of  weathering  of  cal- 
careous material;  cross  laminae,  particularly  above  4 ft.  above  the  base;  sharp 
upper  contact. 

24  Siltstone,  fine-grained,  grayish-red  (5R4  2);  2 in.  above  base  grades  up  into  3-in.- 
rhick  very  fine  grained  sandstone;  gradational  upper  contact 

23  Sandstone,  medium-grained  in  basal  5 in.,  remainder  is  fine  grained,  grayish-red 
(5R4  2);  sharp  upper  contact. 

22  Siltstone,  fine-grained,  grayish-red  (5R4  2);  sharp  upper  contact. 

21  Sandstone,  medium-grained,  light-gray  (N7);  some  internal  bands  of  grayish  red 
(5R4  2);  massive;  hard:  sharp  upper  contact. 
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Lithologic  description 


Shale,  dark-reddish-brown  (10R3/4);  breaks  up  into  paper-thin  pieces;  sharp  upper 
contact. 

Sandstone,  medium-grained  in  lower  half,  grades  into  fine-grained  in  upper  half, 
light-gray  (NT);  sharp  upper  contact. 

Shale,  dark-reddish-brown  (10R3/4):  breaks  up  into  paper-thin  pieces;  sharp  upper 
contact. 

Sandstone,  very  fine  to  fine-grained,  grayish-red  (5R4/2);  internal  parallel-sided 
laminae  indicated  by  lighter  colored  bands;  laminae  1 mm  thick;  sharp  and  irregular 
upper  contact. 

Sandstone,  medium-  to  coarse-grained,  light-gray  (NT)  with  thin  bands  of  grayish- 
red-purple  (5RP4^2);  cross  laminae  and  parallel  laminae;  massive;  sharp  upper 
contact. 

Sandstone,  medium-grained,  grayish-red-purple  (5RP4/2),  massive;  sharp  upper 
contact. 

Shale,  dark-reddish-brown  (10R3/4);  breaks  up  into  paper-thin  pieces;  sharp  upper 
contact. 

Sandstone,  medium-grained,  grayish-red-purple  (5RP4/2),  massive;  base  is 
covered;  sharp  and  irregular  upper  contact  shows  some  mixing  with  overlying  unit.  . 
Covered  interval,  presumably  same  as  unit  11. 

Siltstone,  coarse-  to  very  coarse  grained,  grayish-red  (5R4/2);  weathers  to  brighter 
red;  massive;  disintegrates  into  hackly  pieces;  upper  contact  in  covered  interval. 
Sandstone,  very  fine  grained,  grayish-rod-purple  (5RP4/2),  massive;  gradational 
upper  contact. 

Siltstone,  coarse-  to  very  coarse  grained,  grayish-red  (5R4/2);  breaks  up  into  thin 
platy  pieces  34  thick;  less  resistant  to  weathering  than  adjacent  rocks;  grada- 
tional upper  contact. 

Sandstone,  very  fine  to  fine-grained,  grayish-red-purple  (5RP4/2),  moderately  well 
indurated,  massive;  develops  spheroidal  surfaces  during  weathering;  unit  becomes 
dominantly  very  fine  grained  in  upper  half;  gradational  upper  contact. 

Siltstone,  grayish-red  (5R4/2);  base  is  coarse  grained;  between  4 to  7 ft.  above  base 
unit  grades  to  fine  grained;  becomes  fine  to  medium  grained  in  upper  third;  par- 
tially covered;  upper  contact  covered  but  probably  sharp. 

Siltstone,  medium-grained,  dusky-yellow  (5Y6'4);  beds  M to  I in.  thick;  about  14 
ft.  above  base  begins  gradational  color  change  to  grayish-red  (5R4/2);  unit  becomes 
more  platy  in  upper  part;  fine  grained  in  upper  2 ft.;  sharp  upper  contact. 
Sandstone,  fine-grained,  dusky-yellow  {5Y6/4),  uniform;  5 to  10  percent  muscovite 
and  other  dark  grains;  1-  to  2-in. -thick  beds;  gradational  upper  contact. 

Sandstone,  medium-  to  coarse-grained,  olive-gray  (5Y5/2);  about  5 percent  musco- 
vite fiakes  up  to  coarse-grained  sand  size;  at  20  ft.  above  base  is  3-ft. -thick  zone  with 
coarse-  to  very  coarse  grained  sand  grains;  unit  predominantly  medium  grained; 
26  ft.  above  base  is  2-ft. -thick  zone  with  a few  pebbles  up  to  H i^-  diameter;  this 
zone  is  cross  laminated  and  has  pebbles  along  laminae  but  majority  of  pebbles  are 
randomly  scattered;  sharp  upper  contact. 

Siltstone,  medium-grained,  grayish-red  (5R4/2) ; weathers  to  hackly  pieces;  massive; 
uniform;  partially  covered;  sharp  upper  contact. 

Sandstone,  very  fine  grained,  grayish-red-purple  (5RP2/2)  color  bands;  gradational 
upper  contact. 

Sandstone,  medium-  to  coarse-grained,  light-olive-gray  (5Y5/2;;  about  5 percent 
muscovite  flakes  up  to  coarse-grained  sand  size;  hard;  cross  laminae;  becomes  pre- 
dominantly medium  grained  in  upper  part;  upper  contact  is  covered  but  probably 
gradational. 
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SECTION  20 

MAUCH  CHUNK-POTTSVILLE  FORMATIONS  TRANSITION 

Described  section  of  part  of  the  Mauch  Chunk-Pottsville  Formations  transition 
zone.  Section  is  exposed  along  the  south  side  of  U.S.  Route  ‘209  north  of  Jim  Thorpe. 
Base  of  the  section  is  at  road  survey  marker  4/80,  occurs  by  a roadside  spring,  and 


APPENDIX  II 


157 


is  at  the  west  end  of  the  outcrop.  Base  of  section  is  approximately  at  40°52'21"  N/ 
75°44'45"  W.  Section  measured  by  W.  D.  Sevon. 


Unit  Lithologic  description 

Mauch  Chunk-Potisville  Formations  transition  zone 
(109.92  ft.  thick:  incomplete) 

6 Siltstone,  coarse-grained,  grayish-red  (5R4  2);  5 ft.  above  base  are  scattered  white 
calcareous  nodular  masses;  another  zone  2 ft.  thick  occurs  10  ft.  above  the  base  and 
has  a very  pitted  weathered  surface;  uppermost  10  ft.  is  structureless  and  breaks 
down  into  hackly  pieces;  upper  contact  lost  into  covered  interval. 

5 Sandstone,  medium-grained  in  lower  18  ft.  grading  upward  into  fine-grained, 
micaceous,  medium-dark-gray  (N4),  hard,  massive;  some  parallel  laminae;  zone  8 to 
10  ft.  above  base  contains  crossbedding  with  truncated  topsets  and  tangential  bot- 
tomsets;  another  similar  zone  occurs  12  to  13  ft.  above  the  base;  some  disturbed 
bedding  fpossibly  load  casting);  gradational  upper  contact:  lower  contact  is  an 
interbedded  zone  4 ft.  thick. 

4 Sandstone,  medium-  to  coarse-grained,  olive-gray  (5Y4  2);  contains  feldspar  and 
mica;  grains  apparently  angular  to  siibangular;  basal  contact  eroded  into  under- 
lying unit;  locally  the  basal  part  is  conglomeratic  with  rounded  quartz  pebbles  up 
to  in.  in  diameter;  basically  a massive  unit;  3^,^  ft.  above  base  is  a laterally  non- 
persistent  zone  containing  abundant  pebbles  up  to  V2  in.  in  diameter:  laterally  to  the 
east  the  unit  becomes  basically  a conglomerate  with  rounded  to  subangular  quartz 
pebbles  up  to  1 in.  in  diameter;  some  siltstone  chips  up  to  3 to  4 in.  in  diameter  also 
occur;  bedding  is  indistinct  to  absent  and  the  unit  is  basically  massive;  between  the 
spring  and  Jim  Thorpe  Borough  line  with  survey  marker  162--'5  (2)/01  -p  38  is  a 
long  section  parallel  to  strike  with  very  indistinct  bedding;  some  pebbles  are  up  to 
2 in.  in  diameter;  some  well-defined  planes  of  pebbles;  many  conglomerate  beds  are 
probably  lenticular. 

3 Siltstone,  fine-  to  coarse-grained,  light-olive-gray  (5Y5  2-5Y4/2i;  contains  very 
small  crossbeds;  lower  contact  is  gradational;  upper  contact  is  sharp;  lower  5 in. 
of  unit  is  coarse-grained  siltstone  which  grade.s  upward  into  fine-grained  siltstone. 

2 Siltstone,  medium-grained,  grayish-red  (5R4  2);  coarse-grained  in  basal  2 to  3 in.; 
contains  several  1-in. -thick  beds  of  small  crossbeds  of  coarse-grained  siltstone  which 
have  sharp  bases  and  are  gradational  upwards  into  fine-grained  siltstone;  fine- 
grained siltstone  sometimes  has  parallel  laminations;  gradational  upper  contact. 

1 Sandstone,  fine-grained,  light-brownish-gray  (5YR5  1),  massive,  structureless, 
micaceous;  sharp  upper  contact.  Base  of  section. 


7'kickness 
{ i 71  feet ) 


30.0 


24 . 0 


20.0-50.0 


2.42 


2.0 

1.5 


4’otal  109.92 


SECTION  21 

ILLINOIAN(?)  DRIFT 


Section  of  glacial  drift  exposed  on  north  side  of  Pa.  Route  44.3  approximately  1.4 
miles  west  of  the  junction  of  Pa.  Route  443  and  U.S.  Route  209  in  Lehighton 
(40°49'03"  N/75°43'43"  W).  Section  occurs  in  a small  roadside  borrow  pit  and  was 
described  on  October  28,  1966.  Section  measured  by  W.  D.  Sevon. 


V nil 


Lithologic  description 


'Fhickness 
{in  feet) 


Illinoiant? ] drift 

(14  ft.  3 in.  thick:  incomplete) 

4 Gravel,  moderate-reddish-brown  {10R4  6),  mainly  chips  of  Mahantango  shale; 
seme  deeply  weathered  sandstone  pebbles  up  to  6 in.  in  diameter;  some  boulders  of 
sandstone  and  conglomerate  up  to  2 ft.  in  diameter;  no  bedding:  probably  mixed 
periglacial  rubble  and  outwash  gravel. 

3 Clay,  light-gray  (N7)  to  moderate-light-gray  (NB),  compact,  sticky  when  wet; 
powdery,  white,  and  silty  when  dry;  sharp  upper  contact. 

2 f^lay,  moderate-red  (5R4  6)  mottled  with  white,  some  sand  and  silt;  some  rounded, 
deeply  weathered  pebbles  up  to  3 in.  in  diameter;  gradational  upper  contact. 

1 Till  (?),  moderate-yellow  (5Y7-6)  to  dark-yellowish-orange  (10YR6  6)  to  light- 
brown  (5YK5  6),  heterogeneous  mixture  of  clay,  silt,  sand,  and  pebbles;  pebbles 
mainly  Mahantango  shale  up  to  2 in.  in  diameter;  some  sandstone  and  siltstone 
pebbles  up  to  4 in.  in  diameter;  dominantly  clay;  abrupt  color  transition  into  over- 
lyine  unit;  base  covered. 
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SECTION  22 

ALLUVIUM 


Description  of  alluvium  exposed  along  the  Lehigh  River,  Yi  mile  upstream  from  the 
mouth  of  Aquashicola  Creek  (40°47'48"  N/75°37'12"  W).  Section  measured  by 
W.  D.  Sevon. 


ISnii 


Lifliologic  description 


Thickness 
{in  feet) 


■Mill  viuw 

.16.33  ft.  thick:  incomplete) 

3 Sand,  fine-  to  medium-grained,  clayey,  reddish-brown  (near  moderate-brown 
(5YR4  4)),  slightly  coherent;  few  scattered  pebbles  up  to  1 in.  in  diameter;  upper 
6 in.  mixed  with  coal  dust. 

2 Gravel,  pebbles  2 to  8 mm  in  diameter  mixed  with  fine-  to  medium-grained  sand; 
sharp  upper  contact. 

1 Gravel,  boulders  up  to  4 X XI  ft.,  few  exceed  ft.  in  diameter,  most  are 
cobbles  and  boulders  6 to  12  in.  in  diameter,  fine-  to  coarse-grained  sand  matrix; 
cobbles  and  boulders  are  well  rounded,  tend  to  have  flattened  shapes,  and  are  im- 
bricated with  upstr^^am  dips  and  long  axes  oriented  both  parallel  and  normal  to  di- 
rection of  stream  flow;  cobbles  and  boulders  are  siltstones,  sandstones,  and  con- 
glomerates of  Trimmers  Rock,  Catskill,  and  Pocono  Formations;  sharp  upper  con- 
tact; unit  extends  below  water  level. 
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Total  16.33 


SECTION  23 

ALLUVIUM 

Measured  section  of  alluvium  along  Lehigh  River  just  east  of  the  village  of  Lehigh 
Gap  (sample  locality  3,  Plate  2).  Petrographic  details  are  given  in  Tables  9,  10,  and  12 
and  Figures  132  and  133.  Section  measured  by  J.  B.  Epstein. 


('nil 


Lithologic  description 


Thickness 
(in  feet) 


3 Sand,  very  fine  to  medium-grained,  brownish-black  (5YR2  1)  to  black  (Nl),  with 
abundant  coal  dust.  Lower  contact  abrupt. 

2 Sand,  very  fine  to  medium-grained,  with  rare  rounded  pebbles,  moderate-yellowish- 
brown  {10YR5  3)  and  black  (Nl),  containing  intermixed  coal  dust.  Lower  contact 
abrupt . 

1 Sand,  fine,  muddy,  rare  scattered  pebbles  and  cobbles,  moderate-brown  (5YR4  4); 
base  below  water. 
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Incomplete  thickness  of  alluvium  8. 7-9.0  + 


SECTION  24 

PHILLIPS  PETROLEUM  NO.  1 GRAVER  ESTATE  WELL 

Measured  section  in  the  Phillips  Petroleum  Company  exploration  well  No.  1 
Graver  Estate.  Site  is  located  in  Towamensing  Township,  Carbon  County  (6,950  feet 
south  of  latitude  40°52'30"  and  11,320  feet  west  of  longitude  75°35').  Drilling  com- 
menced on  July  7,  1964,  at  an  altitude  of  564  feet  and  was  completed  on  August  22, 


APPENDIX  II 


1964,  at  a total  depth  of  5,396  feet.  Description  is  from  the  Geo-Log 
identifications  are  modified  from  the  log.  Compiled  by  J.  B.  Epstein. 


Unit  Lilhologir  descriplioyi 

Mahantango  Formation 

43  Shale,  dark-gray,  slightly  silty,  pyritic  and  mioaceuus. 

42  Shale,  grayish-black  to  black,  slightly  silty  and  pyritic  with  stre-aks  of  dark-gray, 
very  fine  grained  sandstone  with  subangular  and  poorly  sorted  grains,  silty  and 
argillaceous,  very  slightly  dolomitic,  hard,  tight,  traces  of  fractures  with  white 
coarse  calcite  rhombs;  grades  into  dark-gray,  argillaceous,  slightly  sandy  and 
dolomitic  siltstone. 

41  Shale,  as  unit  43;  slightly  sandy  zone  with  traces  of  fossil  fragments  at  210-215  ft. 

40  No  samples. 

39  Shale,  dark-gray,  slightly  silty,  pyritic  and  micaceous,  few  scattered  slightly  sandy 

zones. 

Centerfield  fossil  zone(?) 

38  Shale,  dark-gray,  slightly  silty,  pyritic  and  micaceous,  slightly  calcareous  with  few 
calcite  crystals  at  381  -400  ft.,  unidentifiable  macrofossil  material  at  390-500  ft., 
Bryozoa,  crinoid  columnals,  and  corals  at  500-520  ft.  Fault,  shallow,  hanging  wall 
moving  up. 

Marcellas  Formation 

37  Shale,  black,  very  slightly  silty,  slightly  pyritic,  abundant  fractures  filled  with 
white  and  clear  quartz,  slickensides,  traces  of  quartz  crystals. 

36  Shale,  black,  very  slightly  silty,  slightly  pyritic  and  micaceous,  indurated. 

35  No  samples. 

34  Shale,  black,  slightly  silty,  calcareous  and  pyritic  traces  of  unidentifiable  macro- 
fossils, crinoid  columnals. 

33  Shale,  grayish-black  to  black,  very  slightly  silty,  scattered  fractures,  some  with 
white,  coarse  calcite  rhombs  and  quartz  crystals,  slightly  pyritic  and  micaceous. 

32  Shale,  black,  very  slightly  to  slightly  calcareous,  pyritic. 

Marcellas  Formation,  Stony  Hollow  and  Union  Springs  Members  undifferentiated(?) 

31  Limestone,  white  to  light-gray,  crypto-  to  microcrystalline,  slightly  pyritic. 

30  Shale,  as  unit  32. 

29  Limestone,  moderate-brown,  lithographic  (Hazard  paint  ore?). 

Marcellas  Formation 

28  Shale,  grayish-black  to  black,  slightly  calcareous,  very  slightly  silty  and  pyritic, 
trace  of  fractures.  Fault,  shallow,  hanging  wall  moving  down. 

27  Shale,  black,  slightly  pyritic  and  micaceous,  scattered  to  moderately  abundant 
fractures  with  white  coarse  calcite  rhombs  and  quartz  crystals;  increased  fractures 
and  slickensides  at  1850  ft. 

26  Shale,  grayish-black  to  black,  very  slightly  silty,  slightly  calcareous,  micaceous  and 
pyritic,  scattered  fractures;  becomes  black  below  2010  ft.;  fault  at  2340  ft.,  steep 
with  hanging  wall  moving  down,  increase  in  fractures  and  white  coarse  calcite 
rhombs;  increasingly  pyritic  at  2680  ft.;  increasingly  calcareous  at  2830  ft. 

Marcellas  Formation,  Stony  Hollow  and  Union  Springs  Meynbers  andifferentiated 

25  Limestone,  black,  crypto-  to  microcrystalline,  very  argillaceous,  slightly  silty  and 
siliceous;  interbedded  with  shale,  black,  slightly  calcareous,  pyritic. 

24  Limestone,  dark-gray  to  grayish-black  microcrystalline,  slightly  argillaceous  and 
siliceous,  very  slightly  silty;  interbedded  with  shale,  black,  slightly  calcareous, 
pyritic,  increasingly  shaly  at  3395  ft.,  trace  of  fossil  fragments  at  3448  ft. 

Buttermilk  Falls  Limestone  and  Stoyiy  Hollow  and  Unioyi  Springs  Members  of  the  Marcellas 

Formation,  undifferentiated 

23  Limestone,  dark-gray  to  grayish-black,  crypto-  to  microcrystallino,  argillaceous, 
slightly  silty,  scattered  fractures  with  white  coarse  calcite  rhombs  and  quartz 
crystals;  interbedded  and  streaked  with  shale,  black,  slightly  calcareous,  pyritic; 
trace  of  black  chert  at  3490  ft.;  trace  of  Tioga(?)  bentonite  at  3810  ft.,  mottled 
medium  to  light  gray,  hard,  indurated. 

22  Shale,  black,  slightly  calcareous  and  pyritic;  interb(*dded  and  streaked  with  lime- 
stone, black,  microcrystalline,  argillaceous,  slightly  silty. 

21  Limestone,  medium-light-gray  to  light-gray,  crypto-  to  microcrystalline,  slightly 
silty:  shale,  medium-dark-gray. 

20  Shale,  as  unit  22. 

19  Limestone,  medium-gray  to  medium-light-gray,  crypto-  to  microcrystallino,  slightly 
silty  and  siliceous;  interbedded  with  shale,  dark-gray  to  black,  slightly  calcareous. 
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LEHIGHTON  AND  PALMERTON  QUADRANGLES 


Unit  Lithologic  description 

Esopus  and  Schoharie  F or mations,  undifferentiated 

18  Shale,  grayish-black  to  black,  slightly  calcareous,  very  slightly  silty,  fissile. 

Oriskany  Group 

17  Sandstone,  poor  to  no  sample. 

16  Conglomerate,  mottled  medium-light-gray  to  dark-grav,  fine-  to  very  coarse  grained, 
granules,  pebbles,  subangular  to  subrounded  to  rounded,  poorly  sorted,  siliceous, 
slightly  calcareous;  trace  of  hematite,  black  shale  and  pyritic,  dark-gray  to  black, 
translucent  to  opaque  chert. 

Sew  Scotland  Formationi?) 

15  Shale,  black,  silty,  siliceous;  siltstone,  black,  siliceous;  chert,  black,  silty,  argil- 
laceous, slightly  calcareous. 

14  Shale,  grayish-black  to  black,  very  slightly  silty;  streaked  with  siltstone,  black, 
siliceous;  trace  of  black  chert. 

Coeymans  Formation 

13  Limestone,  dark-gray  to  grayish-black,  microcrystalline,  slightly  silty,  siliceous 
and  argillaceous,  fossiliferous;  trace  of  chert,  dark-brown,  translucent,  fossiliferous; 
interbedded  shale,  black,  pyritic,  fissile,  brachiopods,  crinoid  columnals;  scattered 
fractures  with  white,  coarse,  calcite  rhombs;  becomes  increasingly  silty  below  4900 
feet. 

Decker  Formation 

12  Sandstone,  mottled  light-gray  to  medium-gray  to  dark-gray,  very  fine  to  coarse- 
grained, scattered  granules  and  pebbles,  subangular  to  subrounded  grains,  poorly 
sorted,  calcareous,  siliceous,  hard,  scattered  fossils,  brachiopods  and  crinoid  column- 
als, grading  to  limestone,  mottled  medium-gray  to  medium-dark-gray,  crypto-  to 
microcrystalline,  slightly  sandy,  fossiliferous,  below  4980  ft.  has  traces  of  pseudo- 
oolites and  pellets. 

1 1 Sandstone,  medium-gray  to  medium-dark-gray,  very  fine  to  fine-grained,  subangular, 
poor  to  fair  sorting;  silty,  slightly  argillaceous  and  calcareous,  quartzitic,  hard; 
grading  to  siltstone,  medium-dark-gray,  argillaceous,  slightly  sandy  and  calcareous, 
quartzitic;  unidentifiable  microfossil  material. 

10  Conglomerate,  white  to  light-gray,  fine-  to  very  coarse  grained,  granules,  pebbles, 
subangular  to  subrounded  to  rounded,  poor  to  fair  sorting,  slightly  calcareous, 
slightly  friable  to  siliceous,  traces  of  intergranular  porosity,  secondary  quartz 
crystals  and  fossils;  streaked  becoming  quartzitic. 

9 No  samples. 

Bossardville  Limestone 

8 Limestone,  dark-brown  to  gray,  lithographic  to  microcrystalline,  slightly  argil- 
laceous and  silty,  traces  of  pseudo-oolites  and  fossils. 

7 No  samples. 

6 Shale,  black,  slightly  silty  and  calcareous,  interbedded  and  .streaked  with  limestone, 
dark-brown  to  grayish-black,  crypto-  to  microcrystalline,  argillaceous,  silty, 
slightly  siliceous,  traces  of  fractures  with  white,  coarse  calcite  rhombs. 

5 No  samples. 

4 Shale,  as  unit  6. 

Fault,  steep,  hanging  wall  moving  down. 

Poxono  Islana  Formation 

3 Shale,  light-greenish-gray  to  pale-green,  waxy,  sericitic  to  mylonitic,  front  medium 

and  brecciated  with  stringers  of  calcite  and  dolomite,  traces  of  anhydrite;  streaked 
and  interbedded  limestone,  very  light  gray  to  pale-green,  lithographic,  slightly 
argillaceous,  very  slightly  silty,  slightly  dolomitic;  grading  to  dolomite,  pale-green, 
micro-  to  very  finely  crystalline,  slightly  silty  and  argillaceous,  fractures  and 
brecciated. 

2 No  samples. 

1 Shale,  pale-green,  as  unit  3;  streaked  with  dolomite,  light-gray,  crypto-  to  micro- 
crystalline,  slightly  calcareous,  very  slightly  silty,  trace  of  anhydrite  and  pyrite. 
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